AD-756  126 


ANALYSIS  OF  DATA  FROM  INSTRUMENTATION 
PROGRAM,  OLD  RIVER  LOCK 

Walter  C.  Sherman,  Jr.,  et  al 

Army  Engineer  Waterways  Experiment  Station 
Vicksburg.  Mississippi 

June  1972 


TaaImJaaI  IuImmuILm  (ajwlaa 

MnlMKl  IKRM6M  MKvhRMI  SHIM 

U.  $.  DEPARTMENT  OF  COMMERCE 

5285  Port  Roytl  Road,  Springfield  Va.  22151 


p, 


TECHNICAL  REPORT  S-72-10 


ANALYSIS  OF  DATA  FROM  INSTRUMENTATION 

PROGRAM,  OLD  RIVER  LOCK  _  \ 

•  D  W 

W.  C.  Sherman,  Jr.,  C.  C  Trahan  H 

\\jj  W.R  6  WT3  U 

vTISi- 


r  •  <  ?>'  4  rXVvfy 

■  '  : 


■ v" 

■ 

■  "  t7:;-.  -  ■ 


.V't  >V 


tAw 


^  A 

]/•'  -  K 
'  >d  #1 

-  >»  M 


tV  fV  »*'  ,  rfr»WAr!fr  '4*.f#tra 

**  fl  u 

g  if  fa  &'■  3  ffi  •  $#  » 

*  B  k  &.:  ■  aMt  -5: 


<  .  ~ 


r  i^* 


'V  ‘  {7 


S355BWP: 


June  1972  \,v> 

s<w«orod  by  Office,  Chief  of  Engineers,  U.  S.  Army 


national  te  I 

IN FORMATION 

U  5  D*|.y, of  T" 

"'jl, -1,1  V/,  ;-j) 


Conducted  by  U»  S.  Army  Engineer  Watevwpys  Experiment  Station 
Soils  and  Pavements  Laboratory 
Vicksburg,  Mississippi 


AMwnum  mo  Piiauc  RELEASE:  DISTRIBUTION  UNLIMITED 


Destroy  this  report  when  no  longer  needed.  Do  not  return 
It  to  the  originator. 


The  findings  in  this  report  are  not  to  be  construed  as  on  official 
Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents. 


Best 


copv 


TECHNICAL  REPORT  S-72-10 


ANALYSIS  OF  DATA  FROM  INSTRUMENTATION 
PROGRAM,  OLD  RIVER  LOCK 

by 

W.  C.  Sharman,  Jr.,  C.  C  Trahan 


JuM  1972 

soomo ni  by  Offica,  Chiaf  of  Enginaars,  U.  S.  Army 

Conduced  by  U.  S.  Army  Enginaar  Walarways  Exparimant  Station 
Soils  and  Pavamants  Laboratory 
Vicksburg,  Mississippi 

A«tMY>MRC  VICK»»URO.  **!•• 

APPflOVZD  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 

i 


Security  Clarification 


DOCUMENT  CONTROL  DATA  -RAD 

(Stcutity  dattUlcatlon  of  tltl*.  body  o  I  abt  tract  and  Induing  annotation  mutt  ba  antarad  whan  t ho  ova  rail  report  It  tlatalllad) 


i  origin  a  tinc  activity  (Cotpotmta  author)  Jae,  rcrort  security  classification 

I  Unclassified 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
Vicksburg,  Mississippi 


3  REPORT  TITLE 

ANALYSIS  OF  DATA  FROM  INSTRUMENTATION  PROGRAM,  OLD  RIVER  LOCK 


4  descriptive  NOTES  (Typo  of  rapott  and  Inctualwa  dat€t) 

Final  Report 


s  au  THORISI  (rltat  naa>a,  ailddja  Irltlal,  latt  nama) 


Walter  C.  Sherman,  Jr. 
Charles  C.  Trahan 


•  REPORT  DATE 

June  1972 


la.  TOTAL  NO.  OP  PACES  7*.  NO.  OP  REPS 

224  18 


•«.  ORIGINATOR’S  REPORT  NUMVERtS) 


Technical  Report  S-72~10 


IS)  (Any  otfi or  ntmbarm  that  may  b*>  attl$nad 


Office,  Chief  of  Engineers,  U.  S.  Army 
Washington,  D.  C. 


I*  ABSTRACT 

Old  River  Lock  is  a  reinforced  concrete  U-frame  structure  located  on  the  west  bank  of  the  Mississippi  River 
about  300  miles  above  the  Head  of  Pa33es.  The  structure  was  founded  at  a  depth  of  71  ft  on  alluvial  sands, 
an  abandoned  channel  deposit  of  the  Mississippi  River  that  extends  in  depth  to  95  ft  below  the  base  of  thr. 
structure.  At  the  request  of  the  MRC  and  with  the  approval  of  the  OCE,  Old  River  Lock  was  instrumented  to 
obtain  data  for  use  in  future  analysis  and  design  of  similar  structures  and  to  determine  the  validity  of 
certain  assumptions  and  procedures  used  to  design  the  lock.  The  program  included  the  measureme’i*  of  earth 
and  hydrostatic  pressures  beneath  the  babe  blub  and  along  the  walls  of  the  2osk  and  the  measurei'ent  of 
stresses,  and  strains  within  the  base  slab  and  walls  of  the  lock.  Hydrostatic  pressures  were  measured  with 
piezometers.  Soil  pressures  on  the  structure  and  stresses  and  strains  within  the  structure  were  measured 
by  electrical  measuring  devices.  Settlement  of  the  lock  was  determined  from  observations  of  settlement 
re fere,  ce  points,  bolts,  and  plates  at  various  locations  in  the  lock.  Deflections  o*  the  walls  were  deter¬ 
mined  by  means  of  wall  deflection  pipes  and  a  deflectometer.  Engineering  measuring  devices  were  read  at 
periodic  intervals  during  and  after  construction.  Observed  rebounds  were  considerably  greater  than  pre¬ 
dicted;  however,  because  the  bench  marks  were  damaged  and,  furthermore,  may  not  have  been  set  sufficiently 
deep,  the  validity  of  the  measured  rebounds  is  questionable.  The  magnitudes  of  observed  settlements  are 
also  quest!  nable  for  the  same  reason.  In  general,  the  lock  settled  at  a  uniform  rate  es  construction 
loads  were  applied;  after  construction,  the  rate  of  settlement  decreased  sharply.  Rebounds  and  settlements 
were  recomputed  using  actual  loading  conditions,  which  differed  somewhat  from  those  assumed  in  design.  The 
recomputed  settlements  at  the  sides  of  the  lock  were  in  good  agreement  with  observed  settlements,  but  re¬ 
computed  settlements  at  the  center  of  the  lock  were  less  than  observed  settlements.  The  observed  settle¬ 
ments  provided  reasonable  Indications  A  the  deflected  shape  of  the  lock.  Observations  of  soil  stress  me¬ 
ters  end  piezometers  beneath  the  lock  chamber  Indicated  that  observed  base  pressures  were  greater  than  those 
oased  on  the  actual  weight  of  the  structure.  The  difference  between  the  observed  base  pressures  (reaction) 
and  the  total  structure  load  is  attributed  mainly  to  frictional  soil  forces  acting  on  the  sides  of  the 
lo^k.  The  observed  distribution  of  base  pressure  was  similar  to  the  base  pressure  distribution  at  Port 
Allen  Inck  except  that  pressures  were  greater  beneath  the  culvert  and  smaller  at  the  center  line  of  the 
lock  than  pressures  observed  at  Pert  Allen  Lock.  The  coefficient  of  lateral  earth  pressure  k  varied 
along  the  height  of  the  wall.  For  the  construction  condition,  k  varied  from  0.3  along  the  'Mil vert  wall 
to  0,2  along  the  wall  stem.  The  k  values  for  the  high  water  condition  were  similar  to  those  for  the  con¬ 
struction  condition  except  that  they  increased  near  the  upper  part  of  the  vail  stem.  Moments  computed  from 
observed  external  loads  were  affected  corsiderably  by  frictional  forces  acting  at  the  outer  sides  of  the 
lock.  For  the  construction  condition,  as  «  ing  that  the  difference  between  observed  and  actual  pressures 
was  due  to  side  friction,  the  computed  moment  In  the  base  slab  ot  the  center  of  the  lock  was  2135  ft-kips, 
which  is  22  percent  higher  than  the  design  moment;  assuming  that  the  soil  stress  meters  overregistered  by 
10  percent,  the  computed  moment  was  1705  ft-klpc,  or  38  percent  less  than  the  design  moment;  and  assuming 
no  side  friction,  the  computed  moment  was  negative. 
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FOREWORD 


This  report  presents  the  results  of  instrumenting  Old  River  Lock 
to  obtain  engineering  data  for  use  in  the  analysis  and  design  of  similar 
structures  and  to  determine  the  validity  of  the  assumptions  and  proce¬ 
dures  used  to  design  Old  River  Lock.  The  instrumentation  of  Old  River 
Lock  was  conducted  by  the  U.  S.  Army  Engineer  Waterways  Experiment  Sta¬ 
tion  (WES),  Vicksburg,  Miss.,  at  the  request  of  the  Office,  Chief  of 
Engineers  (OCE),  for  the  Mississippi  River  Commission  (MRC),  which  has 
overall  supervision  of  the  comprehensive  program  for  instrumentation  of 
Old  River  Lock.  Collection  and  analysis  of  data  were  made  under  CW  030, 
"Prototype  Analysis,  Structural  Behavior  of  Concrete  Structures."  WES 
planned  the  instrumentation,  provided  technical  supervision  of  installa¬ 
tion  of  instruments  and  devices,  analyzed  all  observational  data,  and 
prepared  this  report. 

Old  River  Lock  was  designed  for  the  U.  S.  Army  Engineer  District, 
New  Orleans,  La.  (NOD),  by  the  engineering  firms  of  Bedell  and  Nelson 
Engineers,  Inc.,  and  A.  W.  Thompson  and  Associates  and  was  built  under 
the  supervision  of  the  NOD.  Geological  studies  and  soils  investigation 
were  made  by  WES.  The  plan  of  excavation,  dewatering  system,  and  slope 
designs  were  performed  by  NOD.  The  plan  for  the  instrumentation  was  de¬ 
veloped  by  TOC,  and  the  devices  were  installed  by  NOD,  except  for  elec¬ 
trical  measuring  devices,  which  were  installed  by  WES. 

Calibration  tests  on  electrical  instruments  and  installation  of 
the  electrical  measuring  devices  were  supervised  by  Mr.  L.  M.  Duke, 
Instrumentation  Branch,  WES;  the  fiel  i  installation  was  supervised  by 
Mr.  A.  Hedegaard,  Project  Engineer.  Messrs.  H.  A.  Hueseman,  R.  V. 
Bankpton,  C.  J.  Nettles,  and  J.  A.  Ducote,  NOD,  were  also  actively 
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engaged  in  the  supervision  of  installation  of  instruments.  Laboratory- 
tests  on  concrete  were  conducted  by  the  Concrete  Laboratory,  WES,  under 
the  direction  of  Mr.  E.  E.  McCoy.  Overall  supervisor  of  the  instrumen¬ 
tation  program  was  Mr.  R.  I.  Kaufman,  MRC.  Engineers  at  WES  who  were  ac¬ 
tively  engaged  in  the  investigation  included  Messrs.  W.  C.  Sherman,  Jr., 
and  C.  C.  Trahan  of  WES  and  Messrs.  J.  D.  Perrine  and  C.  G.  Hadjidakis, 
formerly  of  WES. 

Messrs.  Sherman  and  Trahan  analyzed  the  data  and  prepared  this  re¬ 
port  under  the  general  supervision  of  Messrs.  W.  J.  Turnbull,  J.  P.  Sale, 
and  J.  R.  Compton,  Soils  and  Pavements  Laboratory,  WES.  The  report  was 
reviewed  by  the  NOD  and  reviewed  and  approved  by  the  MRC  and  OCE  prior 
to  publication. 

Directors  of  WES  during  the  investigation  and  the  preparation  of 
this  report  were  COL  Edmund  H.  Lang,  CE;  COL  Alex  G.  Sutton,  Jr.,  CE; 

COL  John  R.  Oswalt,  Jr.,  CE;  COL  Levi  A.  Brown,  CE;  and  COL  Ernest  D. 
Peixotto,  CE.  Technical  Directors  were  Messrs.  J.  B.  Tiffany  and  F.  R. 
Brown. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows: 


_ Multiply _ 

inches 

feet 

miles  (U.  S.  statute) 
square  inches 
cubic  yards 

gallons  (U.  S.  liquid) 

pounds  (mass) 

kips  (mass ) 

pounds  ( force ) 

pounds  (force)  per 
foot 

pounds  (force)  per 
square  inch 

pounds  (force)  per 
square  foot 

tons  (force)  per 
square  foot 

pounas  (mass )  per 
cubic  foot 

gallons  per  minute 

foot-kips 

Fahrenheit  degrees 


_ 3c _ 

2.51+ 

0.301+8 

1.6093!+!+ 
6.1*516 
0.761+555 
3.7851+12 
0.1+5359237 
1+53.59237 
1+.  1+1+8222 

ll+.  59390 

0.6891+757 

1+7.88026 

88.76052 

16.0185 

3.7851+12 

1.3558 

5/9 


_ To  Obtain _ 

centimeters 

meters 

kilometers 

square  centimeters 

cubic  meters 

cubic  decimeters 

kilograms 

kilograms 

newtons 

newtons  per  meter 

newtons  per  square  centimeter 

newtons  per  square  meter 

kilonewtons  per  square  meter 

kilograms  per  cubic  meter 
cubic  decimeters  per  minute 
meter -kilonewtons 
Celsius  or  Kelvin  degrees* 


*  To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  read¬ 
ings,  use  the  following  formula:  C  =  (5/9)(F  -  32).  To  obtain  Kelvin 
(K)  readings,  use:  K  =  ( 5/9 )(F  -  32)  +  273.35. 
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SUMMARY 


Old  River  Lock  is  a  reinforced  concrete  U-frame  structure  located 
on  the  west  bank  of  the  Mississippi  River  about  300  miles  above  the  Head 
•of  Passes.  The  structure  was  founded  at  a  depth  of  71  ft  on  alluvial 
sands,  an  abandoned  channel  deposit  of  the  Mississippi  River  that  ex¬ 
tends  in  depth  to  95  ft  below  the  base  of  the  structure. 

At  the  request  of  the  Mississippi  River  Commission  and  with  the 
approval  of  the  Office,  Chief  of  Engineers,  Old  River  Lock  was  instru¬ 
mented  to  obtain  data  for  use  in  future  analysis  and  design  of  similar 
structures  and  to  determine  the  validity  of  certain  assumptions  and 
procedures  used  to  design  the  lock.  T'>e  program  included  the  measure¬ 
ment  of  earth  and  hydrostatic  pressures  beneath  the  base  slab  and  along 
the  walls  of  the  lock  and  the  measurement  of  stresses  and  strains  within 
the  base  slab  and  walls  of  the  lock.  Hydrostatic  pressures  were  mea¬ 
sured  with  piezometers.  Soil  pressures  on  the  structure  and  stresses 
and  strains  within  the  structure  were  measured  by  electrical  measuring 
devices.  Settlement  of  the  lock  was  determined  from  observations  of 
settlement  reference  points,  bolts,  and  plates  at  various  locations  in 
the  lock.  Deflections  of  the  walls  were  determined  by  means  of  wall 
deflection  pipes  and  a  def lectometer . 

Engineering  measuring  devices  were  read  at  periodic  intervals  dur¬ 
ing  and  after  construction.  Observed  rebounds  were  considerably  greater 
than  predicted;  however,  because  the  bench  marks  were  damaged  and,  fur¬ 
thermore,  may  riot  have  been  set  sufficiently  deep,  the  validity  of  the 
measured  rebounds  is  questionable.  The  magnitudes  of  observed  settle¬ 
ments  are  also  questionable  for  the  same  reason.  In  general,  the  lock 
settled  at  a  uniform  rate  as  construction  loads  were  applied;  after  con¬ 
struction,  the  rate  of  settlement  decreased  sharply.  Rebounds  and  set¬ 
tlements  were  recomputed  using  actual  loading  conditions,  which  differed 
somewhat  from  those  assumed  in  design.  The  recomputed  settlements  at 
the  sides  of  the  lock  were  in  good  agreement  with  observed  settlements, 
but  recomputed  settlements  at  the  center  of  the  lock  were  less  than  ob¬ 
served  settlements.  The  observed  settlements  provided  reasonable  indica¬ 
tions  of  the  deflected  shape  of  the  lock. 

Observations  of  soil  stress  meters  and  piezometers  beneath  the 
lock  chamber  indicated  th*.t  observed  base  pressures  were  greater  than 
those  based  on  the  actual  weight  of  the  structure.  The  difference  be¬ 
tween  the  observed  base  pressures  (reaction)  and  the  total  structure 
load  is  attributed  mainly  to  frictional  soil  forces  acting  on  the  sides 

Preceding  page  blank  xi 


of  the  lock.  The  observed  distribution  of  base  pressure  was  similar  to 
the  base  pressure  distribution  at  Port  Allen  Lock  except  that  pressures 
were  greater  beneath  the  culvert  and  smaller  at  the  center  line  of  the 
lock  than  pressures  observed  at  Port  Allen  Lock. 

The  coefficient  of  lateral  earth  pressure  k  varied  along  the 
height  of  the  wall.  For  the  construction  condition,  k  varied  from  0.3 
along  the  culvert  wall  to  0.2  along  the  wall  stem.  The  k  values  for 
the  high  water  condition  were  similar  to  those  for  the  construction  con¬ 
dition  except  that  they  increased  near  the  upper  part  of  the  wall  stem. 

Moments  computed  from  observed  external  loads  were  affected  con¬ 
siderably  by  frictional  forces  acting  at  the  outer  sides  of  th?  lock. 

For  the  construction  condition,  assuming  that  the  difference  between  ob¬ 
served  and  actual  pressures  was  due  to  side  friction,  the  computed 
moment  in  the  base  slab  at  the  center  of  the  lock  was  2135  ft-kips, 
which  is  22  percent  higher  than  the  design  moment;  assuming  that  the 
soil  stress  meters  overregistered  by  10  percent,  the  computed  moment  was 
1705  ft-kips,  or  38  percent  less  than  the  design  moment;  and  assuming  no 
side  friction,  the  computed  moment  was  negative. 
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ANALYSIS  OF  DATA  FROM  INSTRUMENTATION  PROGRAM 


OLD  RIVER  LOCK 


PART  I:  INTRODUCTION 
Purpose  of  Instrumentation  Program 

1.  At  the  request  of  the  Mississippi  River  Commission  (MRC)  and 
with  the  approval  of  the  Office,  Chief  of  Engineers  (OCE),  a  comprehen¬ 
sive  plan  was  developed  for  the  instrumentation  of  Old  River  Lock.  The 
purpose  of  the  instrumentation  was  to  obtain  data  on  external  soil  load¬ 
ing  and  settlement  and  internal  structural  stresses  and  strains  for  use 
in  the  analysis  and  design  of  similar  structures  and  to  determine  the 
validity  of  certain  assumptions  and  procedures  used  to  design  Old  River 
Lock.  At  the  time  the  program  for  instrumenting  Old  River  Lock  was  ini¬ 
tiated,  york  was  under  way  on  a  similar  instrumentation  program  for  Port 
Allen  Lock,  which  is  founded  on  a  moderately  compressible  silt  founda¬ 
tion.  As  Old  River  Lock  was  to  be  founded  on  a  sand  foundation,  it  was 
considered  that  data  obtained  from  Old  River  and  Port  Allen  Locks  would 
be  of  significant  value  to  those  Districts  of  the  Corps  of  Engineers 
engaged  in  the  design  of  future  similar-type  locks  on  earth  foundations 
of  moderate  to  low  compressibility. 

Scope  of  Report 

0.  This  report  presents  a  summary  of  soil  and  foundation  studies 
made  in  connection  with  the  design  of  the  structure,  a  description  of 
the  engineering  measuring  devices  used  in  the  instrumentation  program, 
analyses  and  evaluations  of  observations  made  during  and  after  construc¬ 
tion,  conclusions  regarding  the  design  of  Old  River  Lock,  and  recommen¬ 
dations  pertaining  to  the  design  of  similar  structures.  Appendix  A 
describes  the  electrical  measuring  devices  and  pertinent  features  of 
installation  of  the  devices.  Appendix  B  presents  the  results  of  field 
and  laboratory  tests  on  concrete,  reinforcing  steel,  and  sand  backfill. 
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Details  of  the  design  of  the  structure  not  included  in  this  report  are 
presented  in  reference  1.  The  plan  of  instrumentation  is  presented  in 
reference  2.  Detailed  instructions  for  installing  and  observing  the 
instruments  are  presented  in  reference  3.  Reference  k  is  an  interim  re¬ 
port  on  the  instrumentation  program.  Information  presented  in  the  in¬ 
terim  report  is  also  reported  herein. 


Description  of  Structure 


3.  Old  River  Lock  (see  fig.  l)  is  located  on  the  vest  bank  of  the 
Mississippi  River  about  300  miles*  above  the  Head  of  Passes.  The  lock 
is  located  in  Pointe  Coupee  Parish,  La.,  about  900  ft  south  of  and  par¬ 
allel  to  Old  River  and  approximately  1  mile  vest  of  the  confluence  of 
Old  River  and  the  Mississippi  River.  A  general  plan  of  the  area  is 
shovn  in  plate  1.  The  lock  is  a  reinforced  concrete  U-frame  lock  struc¬ 
ture  having  a  usable  chamber  75  ft  vide  by  1200  ft  long  vith  vails 
78  ft  high  and  a  base  slab  12  ft  thick.  A  plan  and  profile  of  the 
structure  are  shovn  in  plate  2;  typical  sections  are  shovn  in  plate  3. 

A  U-frame  structure  vithout  piles  vas  selected,  as  cost  estimates  indi¬ 
cated  that  this  type  structure  vas  more  economical  them  other  types  con¬ 
sidered.  A  compacted  sand  backfill  was  provided  behind  the  lock  vails 
to  provide  lateral  support  vhen  the  vails  are  subjected  to  loadings  pro¬ 
ducing  outvard  deflections.  Collector  drains  behind  the  vails  discharge 
at  the  canal  end  of  the  lock.  Gates  for  the  lock  are  of  the  horizontal 
frame-miter  type  designed  for  a  maximum  lift  of  37  ft.  Filling  and 
emptying  of  the  chamber  are  accomplished  by  means  of  13-ft-6-in.  by 
13-ft-6-in.  longitudinal  vail  culverts  vith  side  ports  in  the  upper  ap¬ 
proach  monolith  and  lock  chamber  and  a  bottom  lateral  discharge  system 
in  the  lover  approach  monolith.  Flov  is  controlled  by  means  of  individ¬ 
ually  operated  segmental  valves  of  the  reversed  tainter  type. 


*  A  table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  ix. 
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Construction 


General 

U.  Old  River  Lock  was  constructed  under  the  supervision  of  the 
U.  S.  Army  Engineer  District,  New  Orleans  (NOD).  Excavation  was  initi¬ 
ated  in  September  1958,  and  the  lock  was  essentially  completed  in  Sep¬ 
tember  1962  when  water  was  first  introduced  in  the  lock.  The  downstream 
channel  connecting  the  lock  to  Old  River  vas  completed  in  December  1962; 
the  upstream  channel  from  the  lock  to  the  Mississippi  River  was  com¬ 
pleted  in  February  1963.  The  lock  was  placed  in  operation  on  15  March 
1963. 

Excavation  and  dewatering 

5.  The  construction  of  the  lock  required  an  excavation  1700  ft 
long  and  71  ft  deep,  with  a  bottom  width  varying  from  120  to  ihO  ft  and 
side  slopes  averaging  IV  on  kR.  Natural  ground  surface  at  the  site 
averaged  el  1*7#  and  the  bottom  of  the  excavation’  wa3  at  el  - 2k  in  the 
lock  chamber  area.  Plate  4  is  a  plan  of  the  excavated  area.  The  three- 
phase  excavation  is  summarized  as  follows: 

Excavation  Excavation  Excavation  Method  of 

Phase  els  Began  Ended  Excavation 

1  U7  to  27  Sep  58  Feb  59  Hauling  equipment 

2  27  to  -l8  Feb  59  May  59  Hydraulic  dredge 

3  -l8  to  -2k  Jan  60  Mar  60  Hauling  equipment 

6.  Use  of  hauling  equipment  for  phase  3  excavation  was  made  pos- 
ible  by  dewatering  the  area  after  completion  of  phase  2.  Dewatering  was 
done  by  means  of  37  deep  wells  surrounding  the  excavation  and  penetrat¬ 
ing  the  3and  aquifer.  The  wells  consisted  of  12-in. -ID  wood-stave 
screens  85  ft  long,  with  1/8-in. -slots  and  surrounded  by  9-in. -thick 
gravel  filters.  Each  well  was  pumped  with  a  10-in.,  3-stage  well  tur¬ 
bine  having  a  maximum  capacity  of  1000  gpm.  Details  of  the  design  of 


*  All  elevations  (el)  cited  herein  are  in  feet  referred  to  mean  sea 
level  (msl)  unless  otherwise  noted. 
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the  well  system  axe  given  in  reference  1.  This  system  with  minor  modi¬ 
fications  was  used  for  dewatering  during  the  entire  construction  period. 
Design  computation  indicated  that  the  well  system  discharge  would  be 
330  gpm  per  ft  of  drawdown.  During  the  high-water  periods  in  the  . 
springs  of  1961  and  1962,  the  discharge  per  foot  of  drawdown  wets  about 
33  percent  greater  than  the  design  value. 

7.  Upon  completion  of  excavation,  the  stabilization  slab  of  unre¬ 
inforced  concrete  was  placed  at  el  -2k  to  provide  a  working  platform. 

The  slab  was  6  in.  thick  at  monolith  12  and  4  in.  thick  at  all  other 
areas.  Fig.  2  is  an  aerial  view  of  the  excavation  with  the  base  slab 
partially  in  place. 

8.  Sand  drains.  The  design  of  the  dewatering  system  included 

12-in. -diam  vertical  sand  drains  on  10-ft  centers  along  the  excavation 

slopes  at  el  +16,  penetrating  3  ft  into  foundation  sands.  The  drains 

were  designed  to  reduce  excess  hydrostatic  pressures  in  the  stratum  of 

silt  approximately  between  els  5  and  10.  Two  sections  of  sand  drains 

* 

were  initially  installed,  one  on  the  north  excavation  slope  from 
sta  89+10  to  102+1*0  and  the  other  on  the  south  excavation  slope  from 
sta  87+0  to  95+10.  Piezometer  readings  and  field  observations  indicated 
that  the  sand  drains  were  of  little  benefit  in  stabilizing  the  excava¬ 
tion  slopes;  therefore,  no  additional  sand  drains  were  installed. 

9.  Surface  water  disposal.  Surface  runoff  was  collected  into 
sumps  from  three  main  collection  ditches:  one  near  natural  ground  level 
along  the  perimeter  of  the  excavation,  one  along  the  excavation  slope  at 
el  +16,  and  one  near  the  bottom  of  the  excavation.  Water  collected  in 
the  sumps  was  pumped  over  the  cofferdam. 

Concrete  placement 

10.  Placement  of  concrete  in  the  base  slab  of  the  lock  was  begun 
in  April  i960  and  was  completed  in  October  i960.  The  lock  walls  were 
constructed  from  October  i960  to  March  1962.  Placement  of  concrete 
lifts  in  the  wall  monoliths  was  controlled  by  specifications  to  ensure 
as  uniform  a  loading  of  the  foundation  as  possible.  The  lifts  of  con¬ 
crete  in  the  walls  were  so  scheduled  and  placed  that  at  no  time  was  the 
elevation  of  the  top  of  concrete  in  the  wall  of  one  monolith  more  than 
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Fig.  2.  Aerial  view  of  lock  during  construction 


one  lift  higher  than  the  elevation  of  concrete  in  the  opposite  wall. 
Also,  at  no  time  was  the  elevation  of  the  top  of  concrete  in  one  wall  of 
a  monolith  higher  than  one  lift  above  th^  elevation  of  the  top  of  con¬ 
crete  in  adjacent  walls,  except  in  the  vicinity  of  monolith  12'.  From 
February  1961,  the  tops  of  the  walls  in  monolith  12  were  two  lifts 
higher  than  the  tops  of  the  walls  in  adjacent  monoliths  11  and  13,  which 
in  turn  were  two  lifts  higher  them  the  walls  in  adjacent  mono! i ths  10 
and  14. 

Backfill 

11.  The  design  of  Old  River  Lock  provided  for  a  wedge-shaped  sec¬ 
tion  of  sand  backfill  and  random  backfill,  as  shown  in  plate  3.  Sand 
dredged  from  a  sandbar  in  Old  River  was  used  in  the  random  fill  area. 
Backfill  behind  the  walls  also  included  a  5-ft-thick  layer  of  clay  on 
the  bottom  of  the  excavation  between  the  outer  edge  of  the  lock  and  up¬ 
per  impervious  foundation  strata  and  a  3-ft-thick  clay  blanket  on  top  of 
the  sand  backfill. 

12.  Details  of  placement  and  compaction  of  the  backfill  are  pre¬ 
sented  in  Appendix  B.  Backfilling  operations  were  conducted  concur¬ 
rently  with  wall  construction.  Specifications  required  that  backfill 
not  be  placed  until  the  concrete  had  cured  at  least  lk  days,  except  in 
the  case  of  the  culvert  walls  where  no  backfill  was  placed  until  the 
roof  of  the  culvert  was  placed.  Backfill  was  placed  simultaneously  on 
opposite  sides  of  nhe  lock,  and  the  elevation  of  the  top  of  the  backfill 
was  kept  as  nearly  miform  as  possible  throughout  the  entire  length  of 
the  structure.  The  5-ft-thick  clay  layer  on  the  bottom  of  the  excava¬ 
tion  was  placed  in  April  1961,  sand  backfill  was  placed  from  April  1961 
to  May  1962,  and  the  3-ft-thick  clay  blanket  was  placed  from  June  to 
August  1962.  The  elevations  of  the  top  of  the  backfill  and  the  top  of 
concrete  in  the  structure  at  monolith  12,  together  with  piezometric 
levels  in  the  backfill,  are  shown  in  plate  5. 
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Foundation  Conditions 

Site  conditions 

13.  Old  River  Lock  was  constructed  in  an  area  formerly  occupied 
by  an  abandoned  channel  of  a  meander  loop,  which  was  separated  from  the 
main  channel  of  the  Mississippi  River  in  1831.  The  lock  is  founded  di¬ 
rectly  on  clean  sand.  Generalized  soil  profiles  are  shown  in  plate  6. 
Field  exploration 

ll*.  The  locations  of  all  pertinent  borings  made  in  the  investiga¬ 
tion  of  foundation  conditions  at  the  lock  are  shown  in  plate  1.  Logs  of 
borings  along  the  center  line  are  shown  in  plate  7.  Borings  were  of  the 
undisturbed  and  general  sample  types.  Undisturbed  samples  were  taken 
with  5-in.-  and  3- in. -ID  thin-wall  Shelby  tube  samplers  of  the  piston 
type.  Generally,  5-in.-diam  samples  were  taken  in- cohesive  materials, 
and  3-in. -diem  samples  were  taken  in  the  underlying  sands.  Undisturbed 
samples  of  3and  were  obtained  by  methods  similar  to  those  described  in 
reference  5. 

15.  In  1953,  six  piezometers  (P-1,  -4,  -7,  -9,  -10,  and  -11)  were 
Installed  in  the  sand  stratum  to  determine  the  relationship  between 
river  stages  and  hydrostatic  pressures  in  the  sands.  At  the  same  time, 
five  piezometers  (P-2,  -3,  -5,  -6,  and  -8)  were  installed  in  the  upper 
silt  stratum  to  determine  hydrostatic  pressures  and  groundwater  levels 
in  that  stratum.  Locations  of  the  piezometers  are  shown  in  pla-te  6. 

Data  from  piezometers  located  in  the  sand  stratum  and  the  stages  of  Old 
River  are  shown  in  plate  8.  These  observations  indicated  that  the  hydro¬ 
static  pressures  in  the  sands  reflected  the  stage  of  Old  River.  Data 
'or  piezometers  installed  in  the  silty  strata  of  the  overburden  and  the 
stage'.;  of  Old  River  are  plotted  in  plate  9.  Piezometers  P-3  and  P-5, 
located  in  a  lean  clay  and  silty  sand,  respectively,  approximately  at 
el  30  reflected  a  natural  groundwater  level  that  tended  to  rise  with 
high  river  stages  but  normally  remained  relatively  constant  between 
els  30  and  32  during  low  river  stages.  Piezometers  P-2,  -6,  and  -8  were 
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installed  in  a  silty  stratum  approximately  between  els  5  and  10  that  was 
separated  from  the  pervious  substratum  sands  by  a  nearly  continuous 
stratum  of  clay.  The  hydrostatic  head  in  this  silt  stratum  reflected  a 
pressure  intermediate  between  the  groundwater  level  (as  indicated  by  the 
upper  piezometers)  and  the  pressure  in  the  underlying  deep  sands. 

Soil  conditions 

1 6.  The  foundation  soils  at  the  lock  proper  consisted  of  a  cohe¬ 
sive  overburden  approximately  45  ft  thick  underlain  by  a  stratum  of 
clean  sand  approximately  110  ft  thick  (see  plate  6).  Immediately  below 
ground  surface  (el  +46),  the  overburden  consisted  of  8  to  15  ft  of  silty 
natural  levee  deposits.  The  remaining  overburden  consisted  primarily  of 
lean  clays  with  pockets  of  fat  clay  and  relatively  continuous  strata  of 
silts  and  silty  sands,  and  constituted  filling  in  the  old  channel  of  the 
Mississippi  River.  The  top  of  the  clean  sand  underlying  the  overburden 
was  fairly  constant  at  about  el  0  along  the  center  line  of  the  lock 
structure  and  sloped  downward  at  a  slope  of  about  IV  on  40H  toward  Old 
River  in  a  direction  perpendicular  to  the  center  line  of  the  lock.  Soil 
condition?  northwest  and  southeast  of  the  lock  site  along  the  projected 
center  line  indicated  the  same  general  sloping  top  of  sand  surface  with 
an  increasing  thickness  of  cohesive  overburden  toward  the  river.  The 
sand  stratum  extends  to  el  -118,  at  which  depth  Tertiary  clays  are  en¬ 
countered.  A  3-  to  8-ft-thick  clay  stratum  was  found  approximately  at 
el  -75  beneath  the  lock  site.  The  bottom  of  Old  River  adjacent  to  the 
structure  extends  down  to  el  -43. 

17.  The  water  content  of  the  natural  levee  deposits  at  the  ground 
surface  varied  from  about  12  to  45  percent  and  averaged  about  25  percent. 
The  underlying  clays  had  water  contents  ranging  from  about  28  to  47  per¬ 
cent.  The  silty  strata  within  the  channel  filling  had  water  contents 
ranging  from  about  26  to  36  percent. 

18.  Split-spoon  resistances  of  the  foundation  soils  as  indicated 
by  boring  L-30  were  as  follows:  the  natural  levee  deposits  had  a  split- 
spoon  resistance  of  4  to  12  blows  per  ft;  the  resistance  of  the  under¬ 
lying  clays  ranged  from  3  to  15  blows  per  ft,  generally  increasing  with 
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depth;  the  split-spoon  resistance  of  the  underlying  sands  varied  between 
83  and  over  100  blows  per  ft. 

Laboratory  tests 

19.  Classification  data.  Classification  data,  consisting  of  all 
mechanical  analyses  and  Atterberg  limit  tests  made  on  samples  of  the 
clay  and  silt  overburden,  and  a  summary  of  the  grain-size  curves  for  the 
foundation  sands  are  shown  in  plate  10.  The  uniformity  of  the  founda¬ 
tion  sands  between  el  0  and  -72  is  depicted  by  their  narrow  range  in 
gradation.  The  grain-size  curves  for  samples  from  the  lower  portion  of 
the  sand  (below  el  -80)  indicate  that  these  sands  are  considerably 
coarser  and  contain  more  gravel  than  those  from  the  upper  portion. 

20.  Density  of  sands.  Natural  density  determinations  were  made 
on  samples  from  continuous  undisturbed  borings  in  the  sand  stratum.  The 
natural  dry  density  for  the  upper  portion  of  foundation  sands  (el  0  to 
-72)  varied  between  90  and  103  lb/cu  ft,  with  an  average  value  of  about 
99  lb/cu  ft.  The  natural  dry  density  below  el  -80  varied  approximately 
between  102  and  108  lb/cu  ft,  with  an  average  of  about  104  lb/cu  ft. 

The  frequency  distribution  diagram  shown  in  plate  10  indicates  a  modal 
natural  dry  density  of  about  101  lb/cu  ft  for  128  samples;  the  mean  dry 
density  was  about  99  lb/cu  ft. 

21.  Maximum  and  minimum  dry  density  determinations  were  performed 
on  several  samples  from  about  el  -72  on  which  the  natural  dry  densities 
had  been  obtained.  The  results  of  the  density  determinations  are 
plotted  versus  D^  size  in  plate  10.  Both  maximum  and  minimum  dry 
densities  increased  with  increasing  grain  size,  as  did  the  natural  dry 
density.  The  relative  density  was  found  to  be  practically  constant  for 
the  range  of  grain  sizes  encountered  in  the  upper  sands  at  the  lock 
site;  the  average  relative  density  ranged  from  6l  to  67  percent,  indi¬ 
cating  that  the  foundation  sands  above  el  -72  are  in  a  medium-dense 
condition. 

22.  Consolidation  tests.  Consolidation  tests  were  performed  on 
remolded  and  undisturbed  samples  of  the  foundation  sands  below  el  -24  to 
permit  an  estimate  of  settlement  beneath  the  lock  structure.  A  consoli¬ 
dation  test  also  was  performed  on  a  sample  of  the  deep  clay  stratum  in 
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the  sand  foundation.  The  pressure-void  ratio  curves  for  the  soils 
tested  are  shown  in  plate  11;  pertinent  data  for  each  sample  are  sum¬ 
marized  in  the  table  on  the  same  plate. 

23.  Four  consolidation  tests  were  performed  on  undisturbed  sam¬ 
ples  of  sand  that  had  been  kept  frozen  from  the  time  the  samples  were 
removed  from  the  ground  until  they  were  tested.  These  samples  were 
loaded  to  the  overburden  pressure,  unloaded  to  the  estimated  stress 
after  excavation,  then  reloaded  to  obtain  a  recompression  curve  (see 
plate  11 ).  Consolidation  tests  on  remolded  samples  of  sand  were  run  at 
three  different  void  ratios  as  shown  in  plate  11.  These  tests  were  per¬ 
formed  to  determine  the  effect  of  densification  on  the  settlement  char¬ 
acteristics  of  the  sand  and  also  to  serve  as  a  check  on  the  results 
obtained  from  the  undisturbed  samples.  The  pressure-void  ratio  curves 
for  the  remolded  samples  at  natural  density  are  in  fair  agreement  with 
pressure-void  ratio  curves  for  undisturbed  samples  of  similar  material. 
Some  of  the  sands  contained  lignite;  however,  comparative  tests  indi¬ 
cated  that  the  lignite  did  not  significantly  affect  their  consolidation 
characteristics . 


U-Frame  Design 

Design  procedures  for  U-frame  locks 

2k.  Old  River  Lock  was  designed  as  a  reinforced  concrete  U-frame 

structure.  The  primary  forces  acting  on  such  a  structure  are  shown  in 

fig.  3.  The  base  pressures  oppose  the  downward  load  of  a  lock,  which 

consists  of  the  weight  of  concrete  in  the  lock  W  ,  the  weight  of  the 

water  inside  the  lock  W  ,  the  weight  of  the  backfill  above  the  cul- 

w 

verts  W  ,  and  the  vertical  component  of  the  lateral  earth  pressures 
Ey  .  The  downward  thrust  W  is  resisted  by  the  uplift  forces  u  and 
effective  foundation  base  pressures  p  .  The  magnitude  of  the  uplift 
pressures  depends  on  the  upstream  and  downstream  water  elevations,  the 
character  of  the  foundation  strata,  and  the  nature  and  effectiveness  of 
measures  installed  to  control  uplift  pressures.  Uplift  pressures  gener¬ 
ally  vary  significantly  along  the  length  of  a  lock.  The  distribution  of 
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Fig.  3.  Force  system  on  lock  and  assumed  base  pressure  distribution 


effective  base  pressures  is  dependent  upon  complex  interactions  between 
soil  and  structural  elements  of  a  lock  and  is  the  major  unknown  factor 
in  design.  The  lateral  pressures  exerted  on  lock  walls  include  the 
water  pressure  in  the  backfill  and  in  the  lock  and  the  effective 

horizontal  earth  pressures  ,  which  are  dependent  on  the  type  and  in- 
place  characteristics  of  backfill  material  and  are  also  functions  of  the 
wall  movement.  Consequently,  the  principal  elements  of  design  for  a 
U-frame  section  consist  of  ensuring  the  safety  of  the  chamber  sections 
against  flotation,  determining  the  stresses  occurring  at  the  center  of 
the  base  slab  and  at  its  juncture  with  the  chamber  walls,  analyzing  the 
culvert  frame,  if  used,  and  analyzing  the  stability  of  the  sidewalls. 

The  design  is  always  based  on  two  principal  load  conditions:  (a)  lock 
empty  and  (b)  lock  full.  Other  load  conditions  (i.e.,  lock  complete 
with  no  backfill  placed  and  lock  partially  filled),  oftentimes  as  criti¬ 
cal,  may  develop  during  and  after  construction.  These  must  also  be  con¬ 
sidered  in  design. 
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Design  of  base  slab 

25.  In  determining  the  effective  foundation  base  pressures,  a 
urial  procedure  similar  to  that  employed  at  Port  Allen  Lock  was  used. 

In  this  method,  the  rebound  of  the  foundation  due  to  excavation  and  the 
load  imposed  by  the  lock  and  backfill  are  taken  into  consideration,  to¬ 
gether  with  the  attendant  differential  settlement  between  the  lock  walls 
and  the  center  of  the  lock  chamber.  The  distribution  of  the  pressure 
was  assumed  to  be  defined  by  equating  the  deformations  of  the  structural 
base  slab  and  those  of  the  foundation  soils.  A  distribution  of  the 
foundation  pressure  that  satisfies  the  normal  equation  of  equilibrium  is 
assumed.  The  corresponding  deformations  of  the  soil  are  then  computed 
on  the  basis  of  the  consolidation  characteristics  of  the  foundation 
soils.  The  arbitrary  assumption  of  a  base  pressure  distribution  will 
generally  indicate  deformations  of  the  slab  that  differ  from  the  corre¬ 
sponding  deformations  of  the  soil.  Consequently,  new  base  pressure  dis¬ 
tributions  are  chosen  and  analyzed  until  the  desired  degree  of  agreement 
between  structure  and  soil  deformations  is  obtained.  A  trapezoidal  dis¬ 
tribution  was  assumed  (see  fig.  i»)  that  has  the  advantage  that  the 


Fig.  h.  Assumed  base  pressure  distribution  for  design 
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distribution  can  be  presented  in  terms  of  a  single  factor  N  for  a  wide 
variety  of  loadings.  N  is  equal  to  the  percentage ‘of  uniform  base 
pressure  acting  beneath  the  center  of  the  lock.  The  trapezoidal  distri¬ 
bution  also  greatly  facilitates  the  determination  of  vertical  stresses 
within  the  foundation  soils  for  purposes  of  estimating  settlements.  The 
assumption  of  a  trapezoidal  base  pressure  distribution  was  used  for  the 
design  of  Port  Allen  Lock^  and  the  gate  bays  at  Bayou  Boeuf  Lock.  In 
regard  to  Old  River  Lock,  preliminary  assumptions  were  made  with  respect 
to  lateral  earth  pressures  against  the  walls  and  distribution  of  the 
foundation  base  pressure  as  expressed  by  different  values  of  N  . 

Moments  and  deflections  of  the  base  slab  were  then  computed  and  compared 
with  the  deformation  of  the  foundation  obtained  from  a  settlement  analy¬ 
sis  using  the  assumed  base  pressure  distribution.  In  computing  deflec¬ 
tions,  base  slabs  were  treated  as  unreinforced  concrete  sections,  and 
the  elastic  deflections  were  computed  assuming  that  E  *  3,000,000  psi. 
Elastic  deflections  thus  determined  were  then  increased  100  percent  to 
allow  for  the  effect  of  plastic  flow.  Results  of  the  rebound  and  set¬ 
tlement  analyses  that  were  made  to  determine  the  foundation  base  pres¬ 
sures  for  design  loading  conditions  are  described  below.  Analyses  were 
made  for  each  of  the  gate  bays  and  the  center  monolith  of  the  lock  cham¬ 
ber;  only  the  analysis  made  for  the  lock  chamber  is  described. 

Rebound  and  settlement  analyses 

26.  Rebound  analysis.  It  was  assumed  that  the  foundation  was  an 
isotropic  material  to  which  elastic  theory  could  be  applied.  Vertical 
stresses  in  the  foundation  were  computed  using  charts  and  tables  based 
on  Boussinesq's  equations.  In  computing  the  changes  in  stress  due  to 
excavation,  it  was  assumed  that  the  surface  of  the  foundation  was  lo¬ 
cated  at  the  level  of  the  bottom  of  the  excavation,  assumed  to  be  at 
el  -23.5,  and  that  the  weight  of  the  excavated  material  was  applied  as  a 
negative  stress  at  this  level.  At  any  depth,  the  negative  stress  resum¬ 
ing  from  excavation  added  algebraically  to  the  original  overburden  pres¬ 
sure  gave  the  excavation  pressure.  The  overburden  and  excavation  pres¬ 
sures  were  computed  for  the  midpoints  of  each  of  the  design  strata  below 
points  A  and  B  (see  fig.  5)  under  the  lock  chamber.  Analyses  were  made 
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for  conditions  at  boring  LS-2,  which  were  considered  typical  of  soil 
conditions  beneath  the  lock  (see  plate  7  for  boring  log). 

27.  The  piezometric  data  shown  in  plates  8  and  9  were  used  in 
estimating  the  original  overburden  pressure.  For  design  purposes,  it 
was  assumed  that  excavation  would  be  performed  during  low-water  season. 
Therefore,  in  computing  the  original  overburden  pressure,  the  water 
table  was  assumed  to  be  at  el  10.  It  was  assumed  that  the  water  table 
would  be  5  ft  below  the  bottom  of  the  excavation  (el  -28.5)  when  excava¬ 
tion  was  completed 

28.  The  foundation  rebounds  were  computed  using  the  rebound  loops 
of  the  laboratory  pressure-void  ratio  curves.  The  laboratory  curves 
were  adjusted,  when  necessary,  to  the  computed  overburden  and  excavation 
pressure  for  both  points.  The  computed  rebound  was  0.29  and  0.21  ft  at 
points  A  and  B,  respectively. 

29.  Settlement  analysis  and  determination  of  N.  For  design  of 
the  lock,  settlement  and  effective  base  pressure  beneath  the  lock  cham¬ 
ber  were  computed  assuming  that  sill  foundation  rebound  would  occur 
before  construction  of  the  base  slab  was  initiated.  The  assumption  was 
considered  reasonable,  as  the  laboratory  consolidation  tests  indicated 
that  the  major  portion  of  the  rebound  would  occur  instantaneously.  Ul¬ 
timate  settlements  were  computed  for  the  following  four  cases: 

a.  Case  I,  Structure  complete  with  no  backfill  in  place. 
Hydrostatic  pressures  in  foundation  sands  assumed  lowered 
to  5  .ft  below  bottom  of  excavation  (el  -28.5). 

b.  Case  IA.  Structure  complete  with  backfill  in  place,  but 
no  water  in  the  lock.  Uplift  pressure  beneath  the  base 
slab  assumed  equal  to  10.5  ft  (el  -13). 

c.  Case  II.  Structure  dewatered.  Uplift  pressure  beneath 
base  slab  assumed  equal  to  61.5  ft  (el  +38). 

d.  Case  III.  Structure  in  operation  with  water  level  in  the 
lock  at  el  65.  Uplift  pressures  beneath  base  slab  as¬ 
sumed  equal  to  76.5  ft  (el  53). 

30.  At  each  point  selected  for  analysis,  ultimate  settlements 
caused  by  the  weight  of  the  first  lift  of  concrete  for  the  base  slab 
were  computed  assuming  this  portion  of  the  slab  to  act  as  a  heavy  fluid. 
All  successive  differential  movements  in  the  structure  and  foundation 
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were  referred  to  the  elevations  of  the  points  after  the  first  lift  of 
concrete  had  set. 

31.  The  ultimate  settlement  and  foundation  reaction  for  each  case 
listed  were  computed  for  assumed  values  of  N  (percentage  of  uniform 
base  pressure  at  center  of  lock)  of  100  and  200  percent.  The  settle¬ 
ments  at  points  A  and  B  for  each  value  of  N  ,  after  the  settlement 
caused  by  the  first  lift  of  the  base  slab  had  been  deducted,  were 
plotted  as  shown  in  fig.  5.  On  the  same  plots,  the  differential  settle¬ 
ment  between  points  A  and  B  and  the  differential  movement  between 
points  A  and  B  resulting  from  elastic  and  plastic  movement  of  the  struc¬ 
ture  under  lead  are  also  shown  as  functions  of  N  .  The  intersection  of 
the  line  of  differential  movement  of  points  A  and  B  due  to  foundation 
settlement  and  the  line  of  differential  movement  of  points  A  and  B  due 
to  deflection  of  the  structure  gave  the  foundation  base  pressures  in 
terms  of  N  for  each  case.  A  summary  of  settlements  and  N  values  for 
each  case  is  shown  in  fig.  5. 

32.  Design  base  pressures.  Values  of  N  =  68  percent  and 

N  =  128  percent  were  computed  for  the  foundation  base  pressure  distribu¬ 
tions  for  Cases  I  and  IA,  respectively,  and  those  values  were  used  to 
compute  moments  in  the  base  slab  for  the  two  cases.  A  value  of 
N  =  200  percent  was  computed  for  Case  II.  However,  it  was  found  that  a 
slight  variation  in  N  would  cause  a  relatively  large  change  in  moments 
in  the  base  slab.  Therefore,  the  value  of  N  =  150  percent  was  arbi¬ 
trarily  selected  for  Case  II  and  was  found  to  be  more  critical.  For 
Case  III,  the  lock  chamber  was  designed  for  N  =  104  percent.  Sum¬ 
maries  cf  the  foundation  base  pressures  used  for  design  are  shown  in 
figs.  6  and  7. 

Design  of  lock  chamber  walls 

33.  As  shown  in  figs.  6  and  7j  the  lock  chamber  walls  were  de¬ 
signed  assuming  an  at-rest  earth  pressure  for  Case  IA  and  Case  II  and  a 
combination  of  passive  earth  pressure  and  at-rest  pressure  for  Case  III. 
A  coefficient  of  at-rest  earth  pressure  equal  to  0.5  was  assumed.  It 
was  considered  that  maximum  wall  movements  toward  the  backfill  during 
Case  III  loading  would  not  be  sufficient  to  develop  a  full  passive  earth 
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Fig.  6.  Summary  of  base  pressures  used  for  design.  Cases  I  and  IA 


Fig.  7.  Summary  of  base  pressures  used  for  design.  Cases  II  and  III 


pressure.  On  the  basis  of  relationships  between  wall  movement  and 

9 

lateral  earth  pressure  given  by  Terzaghi,  it  was  assumed  that  the  mobi¬ 
lization  of  partial  passive  pressures  could  be  presented  by  a  coeffi¬ 
cient  of  lateral  earth  pressure  equal  to  1.  For  Case  III,  a  coefficient 
of  lateral  earth  pressure  equal  to  1  was  assumed  from  the  top  of  back¬ 
fill  to  the  middepth  of  fill  (el  18),  with  the  earth  pressure  decreasing 
linearly  below  el  18  to  at-rest  pressure  at  the  base  of  the  structure. 
Design  of  .joints 

34.  To  allow  for  expansion  and  contraction  and  to  provide  for 
settlement,  the  lock  was  constructed  in  monoliths  ranging  from  60  to 
100  ft  in  length  as  shown  in  plate  2.  Monolith  joints  were  treated  as 
expansion  joints  in  the  walls  and  as  crack-control  joints  in  the  base 
slab.  Details  of  the  joints  between  the  chamber  monoliths  are  shown  in 
fig.  8.  The  joints  in  the  base  slab  contained  a  l/2-in. -thick  expand¬ 
ing  filler  for  a  distance  of  about  1-1/2  ft  from  the  top  and  bottom  of 
the  slab.  Between  these  two  joints,  the  concrete  was  placed  in  contact 
with  adjacent  slabs.  Three-bulb  waterstops  were  installed  near  the  top 
and  bottom  of  the  slabs.  Steel  dowels  extended  through  the  joints  in 
the  base  slab  and  were  wrapped  about  2  ft  on  each  side  of  the  joint  to 
prevent  bonding  with  the  concrete  if  contraction  should  occur  and  cause 
the  joint  to  open  slightly.  These  dowels  consist  of  smooth  bars  and  are 
designed  to  tie  the  monoliths  together  but  still  allow  opening  of  the 
joint  due  to  contraction  of  the  concrete.  The  dowels  are  also  designed 
to  prevent  differential  settlement  between  adjacent  monoliths  at  the 
joint. 

35.  The  thickness  of  the  joint  filler  in  wall  joints  was  deter¬ 
mined  to  allow  for  structure  expansion  and  movement  due  to  differential 
settlement  of  adjacent  monoliths.  Between  lock  chamber  monoliths,  where 
differential  settlement  would  be  minor,  the  thickness  of  joint  material 
varies  in  steps  from  1  in.  at  the  top  cf  the  wall  to  1/2  in.  at  the  bot¬ 
tom.  At  the  gate-bay  monoliths,  where  greater  movement  was  anticipated, 
the  thickness  of  the  joint  material  at  the  top  of  the  walls  was  in¬ 
creased,  the  maximum  being  2  in.  between  the  river  approach  bay  and  the 
river  gate  bay  and  between  the  canal  approach  bay  and  canal  gate  bay. 
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Fig.  8.  Details  of  chamber  monolith  joints 


Each  joint  vas  provided  with  a  three-bulb  vaterstop  and  covered  with  a 
rubber  strip  to  prevent  backfill  from  infiltrating  into  the  joint.  To 
minimize  differential  settlement  of  the  monoliths,  it  was  specified  that 
backfill  be  brought  15)  concurrently  on  each  side  of  the  lock  as  soon  as 
possible  and  at  as  uniform  a  depth  as  possible. 


PART  III:  INSTRUMENTATION 


General  Plan 


36.  The  plan  of  instrumentation  of  Old  River  Lock  included  in¬ 
stallation  of  the  following  engineering  measuring  devices: 

a.  Two  permanent  bench  marks. 

b_.  Heave  plugs  to  measure  foundation  rebound  during 
excavation. 

£.  Settlement  reference  po; r-ts ,  bolts,  and  plates  to  deter¬ 
mine  settlement  at  selected  points  in  the  lock  during  and 
after  construction. 

d.  Sounding  wells  to  determine  the  elevation  of  the  water,  at 
various  points  in  the  lock  chamber  and  gate  bays. 

e.  Piezometers  to  measure  hydrostatic  pressures  beneath  the 
structure  and  in  the  backfill  behind  the  walls  of  the 
lock. 

f.  Earth  pressure  cells  to  determine  the  magnitude  and  dis¬ 
tribution  of  foundation  and  wall  pressures. 

g.  Strain  meters  and  stress  meters  and  a  pore  pressure  cell 
installed  in  concrete  to  measure  stresses,  strains,  and 
pore  pressures  within  the  structure. 

h.  Resistance  thermometers  in  concrete  to  determine  the 
temperature  near  the  top  of  the  lock  walls. 

i. .  Wall  deflection  pipes  to  determine  the  deflections  of 

the  walls  by  means  of  a  deflectometer. 

37.  The  locations  of  engineering  measuring  devices  are  shown  in 
plates  12  and  13.  The  primary  installation  of  measuring  devices,  in¬ 
cluding  all  electrical  measuring  devices,  was  located  near  the  center  of 
the  lock  at  monolith  12.  Measuring  devices,  except  for  electrical  in¬ 
struments,  were  also  installed  in  both  of  the  gate  bays. 


Bench  Marks  and  Level  Observations 


38.  Two  bench  marks  wp  initially  installed  at  the  site  at  the 


following  locations: 
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Offset 

Elevation 

Bench 

Lock 

from 

in  ft 

msl 

Mark 

Station 

in  ft 

Bottom 

Top 

PBM-1 

105+50 

U00  N 

-92.8 

+1*1.870 

PBM-2 

118+00 

800  N 

-93.0 

+53.309 

The  bench  marks  were  founded  in  deep  sands  with  the  riser  pipes  pro¬ 
tected  by  sleeves  to  eliminate  the  effects  of  drag  resulting  from  move¬ 
ments  of  the  overburden  soil.  Details  are  shown  in  fig.  9.  During  the 
early  part  of  construction,  PBM-1  was  damaged  and  PBM-2  destroyed  by 
heavy  construction  equipment.  PBM-1  was  subsequently  repaired  and  its 
elevation  reestablished.  In  general,  all  level  observations  were  re¬ 
ferred  directly  to  the  permanent  bench  mark  by  means  of  precise  leveling 
techniques. 


Heave  and  Settlement  Reference  Points 


Heave  points 

39.  To  determine  the  rebound  of  the  foundation  during  and  after 
excavation,  nine  heave  points  were  installed  in  the  foundation  prior  to 
construction.  The  heave  points,  each  consisting  of  a  5-in.-diam,  2-ft- 
long  steel  pipe  with  a  vented  cap,  were  driven  below  the  bottoms  of 
auger  holes  to  elevations  corresponding  to  about  2  ft  below  final  excava¬ 
tion,  and  the  exact  elevation  of  the  top  of  each  heave  point  was  deter¬ 
mined  at  the  time  of  installation.  The  locations  and  initial  elevations 
of  the  heave  points  are  given  in  table  1.  As  soon  as  the  excavation  was 
brought  to  grade,  the  soil  above  the  top  of  the  heave  point  was  exca¬ 
vated  carefully  by  hand  and  the  top  of  the  heave  point  was  uncovered 
enough  that  its  elevation  could  be  determined.  The  elevations  were  cor¬ 
rected  for  the  lateral  offsets  of  the  heave  points  from  the  points  of 
installation  at  ground  surface.  The  lateral  offsets  are  shown  in 
table  1  with  the  corresponding  corrections  used  to  determine  the  exact 
elevations  of  the  heave  points.  Two  of  the  heave  points,  H-2  and  H-9, 
were  inadvertently  destroyed  during  excavation,  and  no  rebound  measure¬ 
ment  could  be  made  of  those  two  points. 
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Fig.  9-  Details  of  bench  mark 


HO.  The  observed  rebounds  and  subsequent  settlements  are  shown  in 
plates  14-17.  Maximum  observed  rebound  varied  from  0.48  ft  at  mono¬ 
lith  2  to  0.42  ft  at  monolith  1.  However,  as  the  bench  mark  was  damaged 
and  subsequently  repaired  between  the  initial  observation  and  the  obser¬ 
vation  made  after  recovery,  there  is  some  question  as  to  the  accuracy  of 
the  measured  rebounds .  Analysis  of  the  observed  rebound  and  settlements 
is  presented  in  Part  IV. 

Temporary  settlement  reference  points 

41.  Temporary  settlement  reference  points  were  installed  to  de¬ 
termine  settlement  of  the  foundation  during  construction  until  permanent 
reference  points  were  installed.  Three  of  the  points  were  installed  in 
the  canal-end  gate  bay  (monolith  2),  four  were  installed  in  the  river¬ 
side  gate  bay  (monolith  22),  and  five  in  monolith  12.  Details  of  the 
reference  points  are  shown  in  fig.  10.  The  reference  points,  which 
consisted  of  l-l/4-in.-diam  steel  pipe,  were  driven  about  3-1/2  ft  into 
the  foundation  at  the  bottom  of  the  final  excavation  just  prior  to 
placement  of  the  stabilization  slab.  A  reference  cap  was  fastened  to 
the  top  of  the  pipe  to  permit  accurate  determinations  of  elevations. 

The  temporary  reference  points  were  observed  until  the  elevations  were 
transferred  to  permanent  reference  points  on  the  floor  of  the  lock  and 
on  top  of  the  culvert.  The  observed  movements  of  the  temporary  refer¬ 
ence  points  are  shown  in  plates  14-16-. 

Type  A  reference  points 

42.  Two  type  A  reference  points  were  installed  in  the  foundation 
beneath  the  north  edge  of  monolith  12  to  obtain  a  comparison  between  the 
observed  and  estimated  settlement  of  the  foundation.  One  of  the  points 
was  installed  in  the  deep  sands  at  el  -100;  the  other  was  installed  just 
above  the  clay  layer  at  el  -66.  Two  additional  type  A  reference  points 
vr^e  installed  in  the  deep  sands  at  el  -100  at  the  river-side  and  land- 
side  gate  bays.  Details  of  the  type  A  reference  points  and  locations  of 
the  points  are  shown  in  fig.  11  and  in  plates  13  and  l4.  Each  point 
consisted  of  a  10-in. -diam  by  2-ft-long  concrete  plug  with  an  embedded 
riser  pipe  that  extended  to  ground  surface.  Additional  sections  of 
riser  pipe  were  added  as  backfill  was  placed  above  the  reference  points. 
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note,  elevation  of  reference  cap 
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CULVERT,  AND  THEN  IMMEDIATELY 
AFTER  EACH  LIFT  IN  BASE  SLAB 
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REFERENCE  CAP  REPLACED  BY 
STANDARD  COUPLING  PRIOR  TO 
ADDING  EXTENSION.  REFERENCE 
CAP  PLACED  ON  RISER  PIPE 
EXTENSION 


STABILIZATION  SLAB 


REFERENCE  CAP 
(FINAL  POSITION) 


TOP  OF  BASE  SLAB 
OR  CULVERT. 


REFERENCE  ELEVATION  DETERMINED 
PRIOR  TO  PLACING  STABILIZATION 
SLAB,  AFTER  STABILIZATION  SLAB 
HAD  SET,'  AND  *5AIN  IMMEDIATELY 
PRIOR  TO  ADDINC  EXTENSION. 


1-1  '4-IN.  STEEL  PIPE.  5  FT  LONG, 
DRIVEN  INTO  GROUND. 


TEMPORARY  SETTLEMENT  REFERENCE  POINT 


REFERENCE  CAP 


LOCATION  OF  TEMPORARY  SETTLEMENT  REFERENCE  POINTS 
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22  MARCH  1960 
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37  N 

22  MARCH  1960 

Fig.  10.  Temporary  settlement  reference  points 
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The  observed  movements  of  the  type  A  reference  points  are  shown  in 
plate  18. 

Type  B  reference  points 

43.  The  elevations  of  the  tops  of  the  culverts  at  monoliths  2, 

12,  and  22  were  determined  from  type  B  settlement  reference  points. 
Details  and  locations  of  these  points  are  shown  in  fig.  11.  Each  point 
is  a  riser  pipe  that  has  its  lower  end.  embedded  in  the  concrete  struc¬ 
ture  and  its  upper  portion  surrounded  by  an  outer  sleeve.  The  observed 
data  are  shown  in  plates  l4-l6. 

Settlement  reference  plates 

44.  Seven  stainless -steel-clad  settlement  reference  plates, 
l8~in.  square,  were  installed  near  the  center  of  each  gate  bay  and  in 
monolith  12  to  permit  measurements  of  the  deflection  and  settlement  of 
the  base  slab  during  construction  and  after  the  lock  was  placed  in  oper¬ 
ation.  Details  and  locations  of  the  settlement  reference  plates  are 
shown  in  fig.  11. 

*  ■*! 

45.  Initial  elevations  of  the  plates  were’ determined  using  both 
the  precise  leveling  method  and  a  water-level  measuring  device  described 
below.  After  the  lock  wa3  flooded,  the  elevations  of  the  plates  were 
determined  using  either  the  water-level  device  shown  in  fig.  12  or  a 
deepwater  sounding  device,  shown  in  fig.  13.  Detailed  descriptions  of 
the  devices  are  given  in  reference  7.  The  water-level  device  required 
the  use  of  a  boat  and  was  generally  used  when  the  water  level  in  the 
lock  was  less  than  25  ft.  Observations  of  the  settlement  plates  are 
shown  in  plates  l4-l6.  Deflections  of  the  base  slab  computed  from  the 
settlement  observations  are  shown  in  plates  19-21. 

Reference  bolts  on  tops  of  walls 

46.  Reference  bolts  (see  fig.  11)  for  determining  the  settlement 
and  movement  of  the  walls  of  the  lock  were  installed  in  the  concrete  at 
the  tops  of  the  walls  immediately  after  their  completion  at  the  loca¬ 
tions  shown  in  plate  12.  Settlement  surveys  were  made  periodically,  and 
the  longitudinal  distances  between  reference  bolts  on  each  side  of  a 
wall  Joint  were  determined  at  intervals  to  determine  the  amount  of  joint 
opening  or  closing  occurring  after  construction.  Profiles  of  settlement 
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of  the  tops  of  the  lock  vails  and  joint  movements  are  shown  in  plate  22.  . 


Sounding  Wells  and  Piezometers 


Sounding  wells 

1*7.  Pour  sounding  wells  consisting  of  3-in. -ID  pipe  were  in¬ 
stalled  in  the  walls  of  the  lock  chamber  and  gate  hays  at  locations 

shown  in  plate  12  to  permit  accurate  determinations  of  the  water  levels 

«* 

inside  and  outside  the  lock  chamber.  Details  of  the  -sounding  wells  are 
shown  in  fig.  il.  The  well3  were  sounded  by  means  of  electrical  sound¬ 
ing  devices  used  also  for  sounding  piezometers.  A  few  months  after 
water  entered  the  lock,  it  became  apparent  that  the  water  levels  in  the 
sounding  wells  were  not  the  same  as  the  water  level  in  the  lock,  and  it 
was  concluded:  that  the  porous  disks  of  the  wells  (see  fig.  11 )  were 
clogged.  Readings  of  the  sounding  wells  were  therefore  discontinued. 
Piezometers 

48.  Piezometers  were  installed  beneath  and  adjacent  to  the  lock 
structure  at  the  locations  shown  in  plate  13.  The  piezometers  were  des¬ 
ignated  as  follows:  ”A”  piezometers  are  those  installed  in  the  deep 
foundation  sands,  "B"  piezometers  are  those  installed  in  the  foundation 
sands  immediately  beneath  the  lock,  and  ”CM  piezometers  are  those  in  the 
sand  wedge  backfill  along  the  lock.  Details  of  the  piezometers  are 
shown  in  fig.  l4.  As  the  earth  pressure  cells  and  stress  meters  record 
total  pressures,  a  sufficient  number  of  piezometers  were  installed  ad¬ 
jacent  to  these  devices  to  determine  the  hydrostatic  pressures  and  thus 
make  possible  the  determination  of  the  effective  pressures  acting  on  the 
devices. 

49.  The  stages  of  Old  River  during  and  after  construction  are 
shown  in  plate  5  along  with  the  average  piezometric  head  in  the  founda¬ 
tion  sands  and  in  the  sand  backfill  at  monolith  12.  Time  plots  of  the 
individual  piezometers  are  shown  in  plates  23-26.  Piezometric  profiles 
along  the  center  line  of  the  lock  for  selected  dates  corresponding  ap¬ 
proximately  to  water  levels  assumed  for  the  design  cases  are  shown  in 
plate  27. 
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Electrical  Measuring  Devices 

Description  and  location 

50.  Electrical  measuring  devices  consisted  of  soil  stress  meters, 
concrete  stress  meters,  strain  meters,  a  pore  pressure  cell,  and  resis¬ 
tance  thermometers  obtained  from  Dr.  R.  W.  Carlson,10  Berkeley,  Calif., 
and  WES  pressure  cells  fabricated  at  WES.  The  devices  are  described  in 
Appendix  A.  Additional  details  concerning  the  Carlson  devices  are  given 
in  reference  11.  All  electrical  measuring  devices  were  installed  in  the 
lock  structure  at  monolith  12;  the  locations  are  shown  in  plate  13.  All 
devices  were  carefully  checked  and  calibrated  in  the  laboratory  prior  to 
installation,  and  close  control  was  maintained  to  ensure  proper  instal¬ 
lation  in  the  field.  The  results  of  the  calibration  tests  and  pertinent 
features  of  the  installation  of  the  devices  are  given  in  Appendix  A. 
Observations 

51.  All  devices  vere  read  immediately  before  and  after  concrete 
had  been  placed  around  them.  The  devices  vere  also  read  the  following 
day;  subsequently,  until  February  1962,  the  devices  were  read  once  a 
week  and  before  and  after  each  lift  of  concrete  was  placed  in  mono¬ 
lith  12.  From  March  1962  until  about  a  month  after  the  lock  was  flooded 
(October  1962),  the  devices  were  read  every  two  weeks,  and  from  Novem¬ 
ber  1962  to  June  1964,  the  devices  were  read  once  a  month. 

Carlson  soil  stress 

meters  and  WES  pressure  cells 

52.  Twenty-two  Carlson  soil  stress  meters  were  installed  beneath 
the  base  slab  and  along  the  walls  of  the  lock  to  measure  base  pressures 
and  lateral  earth  pressures.  Five  WES  pressure  cells  were  installed 
adjacent  to  the  soil  stress  meters  to  provide  an  additional  check  on 
observed  pressures.  The  Carlson  soil  stress  meters  and  WES  pressure 
cells  indicate  the  total  pressure  acting  on  the  devices.  As  the  design 
of  base  slab  and  walls  is  dependent  on  the  assumed  distribution  of  ef¬ 
fective  pressures,  all  observed  pressures  were  converted  to  effective 
pressures  (total  pressure  minus  uplift).  Appropriate  calibration  con¬ 
stants  as  discussed  in  Appendix  A  vere  used  for  each  device  in  computing 
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the  effect  of  uplift  pressure  determined  from  piezometers  set  beneath 
the  lock  and  in  the  backfill.  The  resulting  effective  pressures  at  each 
device  during  and  after  construction  are  shown  in  plates  28-37.  Also 
shown  in  these  plates  are  the  uplift  pressures  at  the  devices  and  perti¬ 
nent  features  of  construction.  Computed  pressures  based  on  the  weight 
of  concrete  in  the  base  slab  are  shown  for  the  period  prior  to  construc¬ 
tion  of  the  vails.  For  the  devices  located  in  the  walls*  a  time  plot  of 
elevations  of  top  of  backfill  is  shown.  In  those  instances  where  a  WES 
pressure  cell  was  installed  adjacent  to  a  Carlson  soil  stress  meter;  the 
data  for  the  two  devices  are  shown  in  the  same  plot. 

Carlson  strain  meters 

53.  Thirty-seven  Carlson  strain  meters  were  installed  to  measure 
elastic  strain  of  the  concrete  in  the  base  slab  and  walls.  Two  "no 
stress"  strain  meters  were  installed  in  the  base  slab  to  measure  strains 
that  are  independent  of  stress.  The  length  changes  indicated  by  the 
strain  meters  were  converted  into  elastic  strains  by  making  proper  cor¬ 
rections  for  thermal  expansion  or  contraction  of  the  meter  frame  and 
surrounding  concrete.  The  elastic  strains  are  plotted  versus  time  in 
plates  38-54.  Data  from  strain  meters  M-19,  M-20,  and  M-25  are  not 
shown,  as  the  observed  readings  were  well  outside  the  range  of  readings 
indicated  by  the  other  meters. 

54.  The  main  purpose  of  the  strain  meters  was  to  permit  computa¬ 
tion  of  concrete  stresses  that,  in  the  case  of  tensile  stresses,  cannot 
be  measured  by  available  devices  such  as  concrete  stress  meters.  Under 
rapid  conditions  of  loading,  the  change  in  stress  is  determined  by 
multiplying  the  change  in  strain  by  the  modulus  of  elasticity  of  the 
concrete.  However,  for  loads  applied  over  a  relatively  long  period  of 
time,  consideration  must  be  given  to  the  change  in  the  modulus  of  elas¬ 
ticity  with  time  and  to  deformations  resulting  from  creep  and  other 
causes.  The  magnitude  of  deformations  resulting  from  creep  and  other 
causes  was  estimated  from  the  laboratory  tests  described  in  Appendix  B. 
The  computed  stresses  for  each  regular  strain  meter  are  shown  with  the 
measured  strains  in  plates  39-54.  Stresses  were  computed  using  a  method 
suggested  in  reference  10.  The  stress-time  plots  were  used  to  determine 
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the  distribution  of  internal  stresses  as.  described  in  subsequent 
analyses. 

Concrete  stress  meters 

55.  Time,  plots  for  stresses  indicated  by  the  four  Carlson  con¬ 
crete  stress  meters  in  the  base  siab  are  shown  in  plate  55. 

Concrete  pore  pressure  cell 

56.  A  single  pore  pressure  cell  (PP-l)  was  installed  in  the  con¬ 
crete  slab  as  described  in  Appendix  A  to  measure  pore  pressures  in  the 
vicinity  of  the  concrete  stress  meters.  A  week  after  its  installation, 
the  meter  became  inoperative;  therefore,  the  pore  pressure  in  the  base 
slab  could  hot  be  measured. 

Resistance  thermometers 

57.  No  temperature-time  plots  were  prepared  for  the  two  resis¬ 
tance  thermometers  located  near  the  top  of  the  south  wall  in  monolith  12; 
the  data  pertinent  to  particular  case  analyses  are  presented  with  the 
analyses. 


Wall-Deflection  Pipes 

58.  Four  wall  deflection  pipes  were  installed,  one  in  each  wall 
of  monolith  12  and  two  in  the  south  wall  of  the  river-side  gate  bay  (see 
plate  12  for  locations).  Descriptions  of  the  deflection  pipes  and  the 
deflectometer  used  to  read  the  pipes  are  given  in  Appendix  A. 

59.  During  wall  construction,  deflection  pipes  were  read  after 
each  lift  of  concrete  was  placed  in  the  monolith  in  which  the  pipes  were 
located.  The  deflection  pipes  were  also  read  when  the  backfill  behind 
the  lock  walls  was  completed  (August  1962),  and  they  were  subsequently 
read  at  the  same  time  that  settlement  reference  plates  were  read.  Data 
from  wall  deflection  pipes  in  terms  of  horizontal  movement  of  the  top  of 
the  wall  and  angular  rotation  of  the  top  with  respect  to  the  base  of  the 
wall  are  shown  in  plateB  56  and  57*  Horizontal  movements  and  deflec¬ 
tions  of  the  wall  at  various  elevations  are  shown  for  selected  dates  in . 
plates  20  and  21.  As  a  check  on  the  wall  deflection  pipe  readings,,  the 
distances  between  reference  points  located  on  the  top  of  each  wall  were 
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measured  with  a  steel  tape  at  periodic  intervals  of  time  after  the  vails 
vere  completed.  A  plot  shoving  the  comparison  of  the  change  in  distance 
betveen  the  lock  vails  as  measured  by  the  steel  tapfe  and  the  change  in 
distance  as  computed  from  deflection  pipe  data  is  shown  in  plate  58. 

The s difference  betveen  the  tvo  types  of  measurements  may  reflect  errors 
inherent  in  the  measuring  techniques. 
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EAST  IV:  REBOUND*  SETTLEMENT,  AND  DEFLECTIONS 
Rebound  and  Settlement 

Observed  and  predicted  rebounds 

60.  The  observed  rebound  of  the  foundation  due  to  excavation  at 
various  sections  perpendicular  to  the  center  lihie  of  the  lock  (at  mono¬ 
liths  2,  12,  and  22)  is  shown  in  plates  l!»rl6;  the  observed  rebound 
along  the  center  line  of  the  lock  is  shown  in  plate  if.  A  maximum  re¬ 
bound  of  0.1*8  ft  was  observed  at  the  river-side  gate  bay  (monolith  22). 
The  ‘rebound  decreased  along  the  length  of  the  lock  to  a  minimum  value  of 
0.1*2  ft  at  the  canal-side  approach  bay  (monolith  l).  At  monolith  12, 
the  observed  rebound  (0.1*5  ft);  was  approximately  uniform  across  the 
width  of  the  lock.  Also  shown  in  plates  ll*— 17  are  the  rebounds  pre¬ 
dicted  in  design.  The  observed  rebounds  were  considerably  greater  than 
the  rebounds  predicted  in  design.  The  predicted  rebounds  varied  from 
0.32  ft  at  the  river-side  gate  bay  to  0.17  ft  at  the  downstream  edge  of 
the  canal  approach  bay.  The  subsequent  settlement  at  each  monolith  (2, 
12,  and  22)  due  to  structural  load  was  considerably  less  than  the  ob¬ 
served  rebound,  even  though  the  structure  load  is;  approximately  equal  to 
the  weight  of  the  original  overburden.  From  these  observations,  it  apr* 
pears  that  the  observed  rebounds  are  in  error.  It  is  probable  that  the 
bench  marks  were,  not  set  sufficiently  deep  and  may  have  been  affected  by 
deep  settlements  caused  by  construction  dewatering.  As  shown  in  plate  5, 
the  piezometric  head  in  the  deep  sands  was  lowered  as  much  as  70  ft  dur¬ 
ing  construction  and  this  may  have  caused  significant  settlement  below 
the  bottom  of  the  bench  marks.  Furthermore,  as  previously  mentioned, 
the  bench  marks  were  damaged  or  destroyed  by  the  contractor  during  the 
early  stages  of  construction. 

Observed  and  predicted  settlement 

61.  Foundation  settlements  at  monoliths  2,  12,  and  22  are  shown 
in  plates  ll*-l6;  settlements  along  the  center  line  of  the  lock  are  shown 
in  plate  17.  All  settlements  are  referred  to  the  readings  made  just 
before  the  first  lift  of  the  base  slab  was  placed.  With  only  the  base 
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slab  in  place,  the  settlement  was  fairly  uniform  across  the  width  of  the 
lock.  At  monolith  12,  settlement  at  the  center,  of  the  slab  was  Only 
slightly  (0.02  ft)  greater  than  settlement  at  the  edges  of  the  slab. 
Subsequent  placement  of  walls  and  backfill  resulted  in  the  edge  of  the 
lock  settling  more  than  the  center.  As  in  the  case  of  the  observed  re¬ 
bound,  the  observed  settlement  may  be  in  error  as  a  result  of  movements 
below  the  bench  marks  due  to  variations  in  groundwater  level  during  con¬ 
struction  (see  plot  of  piezometer  head  in. deep  sands  in  plate  5). 

62.  All  engineering  measuring  devices  were  read  when  conditions 
were  similar  to  those  assumed  in  the  design  of  the  lock/  At  monolith.  12, 
the  walls  were  brought  up  faster  than  walls  in  adjacent  monoliths,  as 
previously  described.  Just  before  the  backfilling  operations  began  in 
April  1961,  the  tops  of  the  walls  in  monolith  12  were  at  el  +52,  or 
15  ft  below  final  height. -  The  latter  condition  was  somewhat  similar  to 
the  Case  I  condition  assumed  in  design  (lock  complete,  no  backfill). 

In  August  1962,  a  condition  existed  that  was  verv  imilar  to  the 
Case  IA  condition  assumed  in  design  (lock  and  bf  ...fill  complete,  no 
water  in  lock).  Case  II  assumed  that  the  lock  was  dewatered;  this  con¬ 
dition  had  not  been  realized  as  bf  the.  date  of  this  report.  During  a 
high-water  period  in  April  1963,  the  water  level  in  the  lock  reached 
el  hU.3,  20.7  ft  below  design  flood  stage  of  el  65. 0  ft  assumed  in  the 
lock  for  Case  III.  For  simplicity  in  the  following  discussions,  refer¬ 
ence  to  Cases  I,  IA,  and  III  will  be  used  to  designate  loading  condi¬ 
tions  assumed  in  the  design,  and-  references  to  Cases  I’.,  IA'.,  and  Hi’ 
will  be  used  to  designate  corresponding  cases  but:  with  actual  loading 
conditions  existing  when  the  observations  were  made.  A  comparison  of 
conditions  for  Cases  I  and  I',  IA  and  IA’,  and  III  and  III*  is  shown 
below: 

_ Elevation,  ft  msl  . 

Top  of  Water  Level  Water  Level  Piezometric  Level 


Wall 

in  Lock 

in  Backfill 

Beneath  Lock 

Case  I 

67.0 

Empty 

No  backfill 

-28.5 

Case  I* 

52.0 

Empty 

No  backfill 

-2  6.h 

Case  IA 

— 

Empty 

-13.0 

-13.0 

Case  IA* 

— 

Empty 

4.2 

-7.0 

Case  III 

— 

65.0 

43.0 

53.6 

Case  III* 

—• 

44.3 

25.1 

42.2 

*  ait  v  *  »  'h/t 


63.  Observed  settlements  at  monolith  12  for  the  conditions  corre¬ 
sponding  to  Cases  I*,  IA* ,  and  III'  are  shown  in  plate  15.  There  was 
very  little  settlement  due  to  placement  of  concrete  (Case  I').  The 
greatest  settlement  occurred  during  placement  of  backfill  behind  the 
walls  and  over  the  culverts.  The  settlements  predicted  in  design  for 


Cases  I,  IA,  and  III  are  also  shown  in  plate  15.  The  observed  settle¬ 
ments  for  Cases  I*  and  IA*  were  less  than  settlements  predicted  for  de¬ 
sign  Cases  I  and  IA,  whereas  the  settlements  observed 'for  Case  III*  were 
greater  than  predicted  settlements  for  design  Case  III.  A  comparison  of 


predicted  and  observed  settlements,  at  monolith  12  is  given  in  the  fol¬ 


lowing  tabulation: 


Predicted 
Settlement,  ft 


Center 

Sides 

Case  I 

0.22 

0.16 

Case  IA 

0  .1*6 

G;l*6 

Case  ill 

0.28 

0.29 

Observed 
Settlement,  ft 


Center 

’ *Sldes 

Case  I* 

0.08 

0.05 

Case  IA1 

0.30 

0.35 

Case  III» 

0. 3k 

0.37 

6b.  Observed  and  predicted  settlements  at  monoliths  2  and  22  are 
shown  in  plates  lit  and  16,  respectively;  Case  I  was  not  realized,  at 
these  monoliths  because  the  backfill  was  placed  at  the  same  time  that 
the  walls  were  being  constructed.  Also,  settlement  plates  on  the  lock 
floor  at  monolith  22  were  hot  observed  during  the  1963  high-water  period 
because  the  deepwater  sounding  device  could  not  penetrate  the  sediments 
on  top  of  the  lock  floor.  A  comparison  of  predicted  and  observed  set¬ 
tlements  for  the  two  gate-bay  monoliths  is  given  below: 

Predicted  Observed 

Settlement,  ft  Settlement,  ft 

Center.  Sides  Center  Sides 


Monolith  2 

Monolith  2 

Case  IA 

0.1*5 

0.1*5 

Case  IA’ 

0.25 

0.31+ 

Case  III 

0.28 

0.35 

Case  III’ 

0.31 

0.39 

Monolith  22 

Monolith  22 

Case  IA 

0.1*9 

0.1*6 

Case  IA’ 

0.29 

0.3l* 

Case  III 

0.29 

0,28 

Case  III' 

-- 

0.38 

Here  also  the  observed  settlements  for  Case  IA’  were  less  than 


1*0 
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settlements  predicted  for  Case  IA,  and  observed  settlements  for  Case  III' 
were  greater  than  predicted  settlements. 

Settlement  and 
movement  at  wall  .joints 

65.  The  settlement  of  the  tops  of  the  waxls  and  the  longitudinal 
movement  at  the  wall  joints  as  of  January  I96U  are  shown  in  plate  22. 

The  observed  settlements  of  the  walls  varied  from  0.05  ft  at  monolith  15 
to  0.23  ft  at  monolith  12.  Actually,  settlements  at  the  tops  of  the 
walls  were  relatively  uniform;  the  apparent  differential  settlement  be¬ 
tween  monoliths  reflects  differences  in  completion  time  for  individual 
monoliths.  For  instance,  monolith  12,  which  showed  a  settlement  of 
0.23  ft,  was  completed  in  August  1961,  while  adjacent  monolith  13,  which 
shows  a  settlement  of  0.06  ft,  was  completed  in  March  1962. 

66.  Very  little  longitudinal  movement  at  the  wall  joints  occurred 
after  the  walls  were  completed.  The  data  indicate  that  some  joints  are 
opening  while  others  rre  closing.  The  maximum  observed  joint  opening 
was  O.lU  in.  while  the  maximum  closure  was. 0.19  in.  The  joints  for  the 
chamber  monoliths  were  designed  for  a  maximum  closure  of  0.5  in.,  and 
slightly  larger  movements  were  expected  at  the  gate-bay  joints.  Conse¬ 
quently,  the  observed  movements  are  not  considered  excessive. 

Time  rate  of  settlement 

67.  The  foundation  soils  consist  of  sands  to  a  depth  of  about 

9U  ft  below  the  base  of  the  lock  except  for  a  small  stratum  of  clay  be¬ 
tween  els  68  and  72;'  therefore,  it  was  anticipated  that  settlement  of 
the  lock  would  be  very  rapid.  By  comparing  the  settlement  of  mono¬ 
lith  12  (plate  15)  with  the  construction  history  (plate  5),  it  can  be 
seen  that  settlement  occurred  quite  rapidly  as  load  was  applied.  For 
instance,  from  April  1961  to  November  1961,  sand  backfill. behind  the 
lock  walls  was  placed  at  a  fairly  uniform  rate  from  el  -18  to  el  +8,  and 
the  lock  settled  at  a  uniform  rate  of  0.03  ft  per  month.  In  July  and 
August  1961,  no  backfill  was  placed  and  practically  no  settlement  oc¬ 
curred.  When  backfilling  resumed  in  September  196l,  settlement  re¬ 
stated  at  a  rate  of  0.05  ft  per  month.  When  the  sand  backfill  was  com¬ 
pleted  (December  196l),  the  rate  of  settlement  decreased  sharply. 


Ul 


Placement  of  the  3-ft-thiek  clay  blanket  and  flooding  of  the  lock  caused 
additional  settlement.  After  the  lock  was  flooded,  very  slight  vertical 
movement  occurred  with  rising  and  falling  river  stages.  It  appears  from 
the  time-settlement  plots  that  settlement  of  the  lock  as  of  19Ck  was 
almost  complete,  and  no  additional  significant  settlement  is  expected. 

As  previously  discussed,  observed  settlements  could  be  in  error  because 
of  changes  that  may  have  occurred  in  bench  mark  elevations  due  to  varia¬ 
tions  in  the  groundwater  level  during  construction. 

Recomputed  rebound  and  settlement 

68.  Purpose  of  computations.  The  rebound  and  settlement  of  the 
structure  at  monolith  12  were  recomputed  using  the  actual  loading  condi¬ 
tions,  which  in  some  instances  differed  appreciably  from  those  assumed 
in  design.  The  laboratory  pres sure- void  ratio  (p-e)  curves  that  were 
used  in  the  design  settlement  analysis  were  revised  to  represent  more 
closely  the  actual  loading  conditions.  The  revised  p-e  curves  for 
point  A  (center  of  the  lock)  are  shewn  in  fig.  15  together  with  the 
original  laboratory  curves. 

t 

69.  Recomputed  rebound.  In  recomputing  the  foundation  rebound, 
the  actual  groundwater  conditions  were  used  in  computing  overburden 
pressures.  When  the  heave  plugs  were  installed  (3-10  July  1958),  the 
groundwater  level  was  appi*oximately  at  el  +32.0,  as  compared  with  el  +10 
assumed  in  design.  When  the  excavation  vas  completed  and  just  prior  to 
placing  the  stabilization  slab,  actual  groundwater  level  beneath  the 
excavation  was  at  el  -38,  as  compared  with  el  -28.5  assumed  in  design. 

70.  The  recomputed  rebounds  were  0.09  ft  at  the  center  and 

0.06  ft  at  the  edges  of  the  lock  (fig.  16).  These  values  are  consider¬ 
ably  less  than  the  rebounds  predicted  in  design  (0.29  ft  at  tlje  center 
and  0.21  ft  at  the  edges),  which  in  turn  were  considerably  less  than  the 
observed  rebound  of  O.U5  ft.  However,  as  the  observed  rebounds  are 
apparently  in  error,  no  comparison  can  be  made  between  computed  and 
actual  rebound. 

71.  Recomputed  settlement.  In  the  computation  of  stresses  in  the 
foundation  due  to  structure  load  for  Case  IA’ ,  the  distribution  of  base 
pressures  as  indicated  by  observed  soil  stress  meters  (see  plate  60)  was 
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used.  As  will  be  subsequently  described,  the  observed  base  pressures 
(reaction)  were  greater  than  the  actual  structure  load  for  Case  IA'  con¬ 
dition;  this  was  due  in  part  to  frictional  forces  acting  on  the  outer 
edges  of  the  lock  due  to  settlement  of  backfill  relative  to  the  lock. 

In  the  settlement  analysis,  two  different  assumptions  were  made  as 
follows : 

a.  It  was  assumed,,  that  there  were  ho  frictional  forces  on  «• 
the  sides  and  that  observed  pressures  were  higher  than 
actual;  in* this  case,  the  observed  effective  base  pres¬ 
sures  (shown  in  plate  60)  were  proportionally  reduced  so 
that  the*  total  foundation  pressure"  was  equal  to  the 
actual  structure  load. 

b.  It  was  assumed  that-the  observed  pressures  were  correct 

0  and  the  difference  between  the  reaction  and  actual  struc- 

-  ture  load  was  due  to  frictional  forces  on  the  outer  edges 
of  the  lock.- 

72.  A  comparison  of  the  observed  and  recomputed  settlements  for 
Case  IA1  is  shown  in  fig.  16  and  the  results  are  tabulated  below: 


Assumptions 

Recomputed 
Settlement,  ft 
Center'  ‘  Sides 

Observed 
Settlement,  ft 
Center  '  Sides 

Without  frictional 
force 

0.06 

0.39 

0.29 

0.3U 

With  frictional 
force  * 

0.10 

0.27 

Note  that  computed  settlements  assuming  frictional  forces  along  the 

sides  of  the  lock  were  slightly  greater  at  the  center  aud  slightly  less 

✓ 

at  the  sides  than  settlements  based  on  the  assumption  of  no  side  fric¬ 
tion.  Competed  settlements  at  the  sides  of  the  lock  generally  were  in 
good  agreement  with  observed  settlements;  however,  computed  settlements 
at  the  center  of  the  lock  were  considerably  less  than  the  observed  set¬ 
tlement.  Although  the  magnitudes  of  the  observed  settlements  are 
questionable  because  of  probable  movements  of  the  bench  marks,  it  may  be 
concluded  that  settlement  computations  for  similar  structures  on  allu¬ 
vial  sands  will  give  the  general  magnitude  of  settlement  to  be  expected, 
but  not  an  accurate  estimate  of  the  deflected  shapes  of  the  structures 


73*  Settlement  of  the  structure  was  not  recomputed  for  Case  III'. 
Since  the  base  pressure  was  less  for  Case  III*  than  for  Case  IA' ,  the 
lock  should  have  rebounded^  Instead,  monolith  12  was  observed  to  settle 
an  additional  0.04  ft  at  the  center  line  and  0.02  ft  at  the  sides.  The 
reason  for  this  discrepancy  is  not  known  but  may  be  related  to  movements 
of  the  bench  marks. 

Settlement  of  type  A  reference  points 

74.  The  observed  settlements  of  deep  reference  points  (type  A)  at 
monolith  12  and  the  gate  bays  are  shown  in  plate  18.  Also  shown  for 
comparison,  are  the  settlements  of  the  center  and- sides  of  monolith  12. 

It  can  be  seen  that  the  settlements  of  deep  reference  points  beneath 
monolith  12  followed  very  closely  the  trend  of  settlement  of  the 
structure.  > 

75.  A  comparison  of  observed  and  computed  foundation  settlements 
at  various  depths  below  the  side  of  monolith  12  for  Case  IA'  is  shown  in 
fig.  17.  Observations  indicate  that  over  75  percent  of  the  foundation 
settlement  occurred  below  el  -100,  whereas  computations  indicate  that 
most  of  the  settlement  should  have  resulted  from  the  consolidation  of 
the  clay  stratum  between  els  -68  and  -72  and  the  sand  above  the  clay 
layer.  It  is  believed  that  the  observed  settlements  of  the  type  A  ref¬ 
erence  points  are  in  error  because  the  observations  were  referred  to  the 
bench  marks  that  may  have  been  affected  by  foundation  rebound  in  the 
underlying  soils  as  the  groundwater  level  rose  frpm  el  -40  to  normal 
river  stage  levels  (el  20  to  40),  as  shown  in  plate  5. 

Deflection  of  Base  Slab  . 


Deflection  determined 
from  settlement  observations 

76.  Despite  uncertainties  regarding  the  magnitude  of  the  observed 
settlements,  these  data  are  useful  in  defining  deflections.  The  de¬ 
flected  shape  of  the  base  slab  was  determined  from  the  settlement  pro¬ 
files  for  monoliths  2,  12,  and  22,  as  shown  in  plates  19-21.  The  deflec¬ 
tions  are  shown  for  an  initial  condition  after  the  slab  was  completed 
and  Just  prior  to  wall  construction.  Also  shown  are  tho  deflections  of 
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the  slab  from  this  initial  condition  to  Case  IA’  and  from  the  initial 
condition  to  Case  III’ .  The  deflected  curves  were  .drawn  with  respect 
to:  (a)  a  straight  line  through  the  two  points  representing  the  settle¬ 
ment  at  the  sides  of  the  lock  for  the  case  of  greater  settlement  at  the 
center,  and  (b)  a  horizontal  line  through  the  point  of  minimum  settle¬ 
ment.  for  the  case  of  greater  settlement  at  the  sides  of  the  lock. 

77.  At  monoliths  12  and  22,  before  wall  construction  began,  the.’ 

center  of  the  slab  deflected  slightly  downward  with  respect  to  the  sides.  j 

The  maximum  deflections  at  the  center  were  0.014  and  0.021  ft  for  mono-  I 

liths  12  and  22,  respectively.  At  monolith  2,  there  were  no  temporary 
settlement  reference  points  at  the  sides  of  the  structure;  therefore, 
the  deflection  prior  to  wall  construction  was  estimated  by  extrapolating 
data  from  reference  points.  At  this  monolith,1 it  was  estimated  that  the 
sides  of  the  slab  deflected  downward  about  0.02  ft  with  respect  to  the 
center  prior  to  wall  construction, 

78.  As  shown  in  plates  19-21,  construction  of  the  walls  and  back-  j 

f 

fill  resulted  in  the  sides  of  the  lock  deflecting  downward  with,  respect  j 

to  the  center  (see  Case  IA’  conditions).  It  may  be  noted  that  the  de-  f 

flection  was  slightly' less  for  Case  III*  than  for  Case  IA’ .  At  mono¬ 
lith  12,  deflections  of  the  sides  of  the  lock  with  respect  to  the  center 
were  about  0.08  ft  for  Case  IA’  and  0.06  ft  for  Case  III*.  i 


i 
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PART  V:  LATERAL  EARTH  PRESSURES  AND  WALL  MOVEMENTS 

Sand  Backfill 


79.  A  description  of  the  sand  backfill  material  behind  the  lock 
walls,  placement  procedures,  and  results  of  laboratory  tests  on  repre¬ 
sentative  samples  of  the  sand  backfill  are  given  in  Appendix  B.  Labora¬ 
tory  tests  on  drive  cylinder  samples  indicated  that  the  sand  backfill 
behind  monolith  12  was  placed  at  an  average  dry  density  of  102  lb/cu  ft, 
corresponding  to  a  relative  density  of  7b  percent.  However,  as  dis¬ 
cussed  in  Appendix  B,  it  is  probable  that  because  of  errors  inherent  in 
the  drive  cylinder  method  of  sampling,  the  actual  and  relative  densities 
were  somewhat  higher  than  indicated  above.  On  the  basis  of  correlations 
between  relative  density  and  angle  of  internal  friction  (described  in 
fig.  B13),  it  was  estimated  that  the  angle  of  internal  friction  of  the 
sand  backfill  behind  monolith  12  was  about  ko  deg. 

Observed  Earth  Pressures 


Earth  pressures  versus  time 

80.  Time  plots  of  earth  pressures  against  the  lock  walls  as  mea¬ 
sured  by  soil  stress  meters  S-12,  S-13,  and  S-15  through  S-20  and  WES 
pressure  cells  W-4  and  W-5  are  shown  in  plates  35-37.  It  can  be  seen 
in  these  plates  that  soil  pressures  increased  as  backfill  was  placed. 

The  readings  of  WES  pressure  cells  W-4  and  W-5.  were  about  the  same  as 
readings  of  adjacent  Carlson  soil  stress  meters  S-15  and  S-17,  respec¬ 
tively.  However,  the  readings  of  meters  S-19.  and  S-20  oh  the  north  wall 
were  lower  than  the  reading?  of  the  meters  at  similar  locations  on  the 
south  wall  (S-15  and  S-17),  e.g. ,  the  earth  pressures  indicated  by  S-19 
were  about  half  as  great  as  those  indicated  by  S-15.  The  reason  for 
this  difference  is  not  known.  It  is  also  noted  that  the  pressures  indi¬ 
cated  by  S-13  were  considerably  less  than  the  pressures  indicated  by  the 
meters  below  it  (S-12)  and  above  it  (S-15).  Pressure  indicated  by  S-13 
became  progressively  smaller  until  the  meter  ceased  to  function  about 
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7  years  after  its  installation.  It  is  believed  that,  data  from  this 
meter  are  of  questionable  value. 


Distribution  of 
lateral  earth  pressures 

81.  Case  IA*.  The  observed  distribution  of  lateral  earth  pres¬ 
sures  for  Case  IA'  is  shown  in  plate  60  together  with  earth  pressures 
assumed  for  design  Case  IA.  It  can  be  seen  in  this  plate  that  observed 
earth  pressures  were  considerably  less  than' those  assumed  in.  design. 

For  Case  IA,  the  design  earth  pressures  were  based  on  an  at-rest  earth 
pressure  coefficient  of  0.5.  The  coefficient  of  lateral  earth  pressure 
k  was  computed  directly  from  observed  pressures  according  to  the 
expression 


k  » 


(1) 


where 

p.  a  the  effective  earth  pressure  in  a  horizontal  direction  as 
measured  by  soil  stress  meters 

p .  «  the  computed  effective  overburden  pressure  at  the -elevation  of 
v  the  meter  '  ‘ 


The  distribution  of  coefficients  of  lateral  earth  pressures  along  the 
wall  for  Case  IA  is  shown  in  fig.  18.  The  k  values  vary  from  about 
0.31  along  the  culvert  wall  to  slightly  more  than  0.2  along  the  vail 
stem.  The  k  values  along  the  culvert  vail  are  approximately  the  same 
as  those  observed  at  Port  Allen  Lock,  whereas  the  k  values  along  the 
vail  stem  are  considerably  smaller  than  those  observed  at  Port  Allen 
Lock  where  vail  movements  were  correspondingly  larger. 

82.  Case  III.  The  observed  distribution  of  lateral  earth  pres¬ 
sures  for  Case  III’  is  shown  in  plate  6l  together  with  lateral  earth 
pressures  assumed  in  design.  For  design  purposes,  a  coefficient  of 
earth  pressure  of  1.0  was  assumed  acting  from  the  ground  surface  to  the  • 
top  of  the  culvert,  below  which  the  coefficient  was  assumed  to  decrease 
linearly  to  a  value  of  0,3  (assumed  at-rest  pressure)  at  the  base  of  the 
vail.  The  k  value  of  1.0  was  considered  to  be  conservative  since  it ' 
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Distribution  of  coefficients  of  lateral  earth  pressures 


would  not  require  mobilization  of  shearing  stresses  in  the  backfill  and 
thus  would  be  developed  without  excessive  wall  deflection.  As  shown  in 
plate  62,  the  observed  lateral  earth  pressures  were  considerably  less 
than  those  assumed  for  design. 

83.  The  distribution  of  coefficients  of  lateral  earth  pressures 
for  Case  III'  are  shown  in  fig.  18.  The  values  of  k  for  Case  III' 
were  similar  to  the  k  values  for  Case  IA’’  except  that  they  were 
slightly  higher  near  the  upper  portion  of  the  wall  stem.  During  the 

1963  high-water  season  (April  1963),  the  coefficient  of  earth  pressure 
near  the  top  of  the  wall,  as  indicated  by  meter  S-l8,  reached  a  maximum 
value  of  0.32;  during  the  1964  high-water  season,  the  meter  indicated  a 
value  of  k  of  0.4l.  At  ho  time  did  the  coefficient  of  earth  pressure 
near  the  top  of  the  wall  approach  the  value  of  1.0  assumed  in  design 
Case  ill.  However,  it  should  be  pointed  out,  that  during  the  1963  and 

1964  high-water  periods,  the  water  level  in  the  lock  was  about  20  ft 
lower  than  the  water  level  assumed  for  Case  III'.  Also,  the  uppermost 
meter  (S-l8)  is  17.5  ft  below  the  top  of  the  backfill,  and  it  is  pos¬ 
sible  that  a  higher  value  of  k  may  develop  above  this  meter  during 
high-water  periods. 


Wall  Movements 

84.  During  and  after  construction,  wall  movements  were  measured 
by  means  of  wall  deflection  pipes  and  a  deflectometer  (see  Appendix  A). 
In  order  to  correlate  wall  movement  and  lateral  earth  pressures ,  wall 
displacement  at  each  soil  stress  meter  was  determined  assuming  a  zero 
reference  at  the  time  when  the  backfill  reached  the  .level  of  the  partic¬ 
ular  meter.  Time  plots  of  wall  displacement  at  each  meter  along  the 
wall  are  shown  in  plates  62  and  63.  During  placement  of  backfill,  the 
wall  moved  toward  the  backfill.  The  maximum  displacement  at  each  meter 
occurred  vhen  the  backfill  was  completed.  After  the  backfill  was  com¬ 
pleted  (July  1962),  the  wall  moved  away  from  the  backfill.  After  the 
lock  was  flooded  (September  1962),  vail  movement  appe sired  to  vary  sea¬ 
sonally,  i.e.,  the  walls  moved  toward  the  backfill  during  warmer  months 
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and  away  from  the  backfill  during  cooler  months.  There  appears  to  be  no 

definite  relationship  between  wall  movement  and  water  level  in  the  locks. 

For  instance,  at  stress  meters  S-17  and  S-l8,  the  position  of  the  wall 

during  January  1963,  when  there  was  low  water  in  the  lock,  was  about  the 

same  as  the  position  of  the  wall  during .the  crest  of  the  1963  high  water 

(April  1963).  It  appears  then  that  movement,  of  the  walls  is  more 

closely  related  to  seasonal  temperature  variations  than  to  the  water 

level  in  the  lock.  No  analyses  were  made  for  this  report  of  temperature 

12 

effects  on  wall  movement.  However,  Duncan  and  Clough  analyzed  temper¬ 
ature  effects  using  the  finite  element  method.  Their  computed  wall 
movements  due  to  temperature  changes  agreed  well  with  observed  movements. 

85.  Time  plots  of  coefficients  of  earth  pressure  k  are  shown  in 
plates  62  and  63  with  the  time  plots  of  wall  movements.  An  attempt  was 
made  to  correlate,  wall  movement  with  coefficient  of  earth  pressure*  but 
the  results  indicated  that  there  was  no  direct  relationship.  There 
appears  to  be  only  a, general  relationship  between  k  and  wall  movement, 
i.e.,  the  values  of  k  generally  increase  when  the 'walls  move  toward 
the  backfill  and  decrease  when,  the  walls  move  away  from  the  backfill. 
Some  exception  can  be  noted.  At  meter  S-l8  (see  plate  63),  there  was  a 
large  increase  in  k  from  January  to  April.1963,  although  there  was 
apparently  ho  wall  movement  during  that  time.  Between  April  1963  and 
June  1963,  the  wall  moved  toward  the  backfill  about  0.1  in. ,  whereas  the 
k  value  remained  about  the  same. 
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PART  VI:  FOUNDATION  BASE  PRESSURES  AND’ UPLIFT 

Foundation  Base  Pressures 

<*• 

Effective  base  pressures 

86.  Based  bn  the  time  plots  of  observed  base  pressures  shown  in 

plates  26-34,  profiles  were  constructed  of  effective  base  pressures  and 
uplift  pressures  beneath'  the  lock  for  (a)  a  condition  just  before  wall 
construction  was  begun,,  (b)  Case  I’,  (c)  Gup  TAV  Cede; 

These  profile’s,,  which  are  shown  in  plates  59*  60,  and  6l,  are  not  pre¬ 
cisely  defined  by  the  observed  data  and  represent  the  best  estimate,  as¬ 
suming  all  of  the  meters  provided  reasonably  accurate  indications  of  the 
pressure.  The  scatter  of  data  indicated  that  in  future  installations  on 
sand  foundations,  a  considerably  greater  number  of  devices  should  be 
installed  to  define  the  effective  base' pressure  distribution.  A  dis¬ 
tinguishing  feature  of  the  effective  base  pressure  profiles  is  the  high 
base  pressure  near  the  south  side  of  the  lock,  as*  indicated  by  stress 
meters  S-9  j.  S-10,.  and  S-ll..  These,  high  pressures  were  also  assumed  to 
act  oh  the  north  side  of  the  lock.  It  may  be  noted  that  the  readings  of 
stress  meter  S-7  are  not  consistent  with  readings  of  adjacent  meters  and 
inibLcate  pressures  slightly  -higher  than  expected.  As  mentioned  in  Ap¬ 
pendix  A,  meter  S-7  was  installed  adjacent  to  a  pocket  of  organic  mate¬ 
rial.  There  is  probably  very  little  pressure  exerted  on  the  base  slab 
at  the  lpcation  of  the  organic  deposit,  and  the  excess  pressure  is  prob¬ 
ably  taken  up  by  areas  adjacent  to  the  soft  spot,  which  may  be  why  S-7 
indicates  a  higher  pressure  than  expected. 

87.  Plate  64  presents  a  time  plot  showing  the  actual  weight*  of 
the  structure  (including  the  weight  of  backfill  above  the  culverts  and 
water  in  the  lock  and  culvert)  and  the  measured  effective  base  pressures 
(computed  from  profiles  described  above),  uplift  pressures,  and  measured 


*  Weights  and  moments  referred  to  in  subsequent  paragraphs  and  in  the 
plates  are  derived  for  a  1-ft-wide  section  of  lock,  foundation,  and 
backfill  normal  to  the  lock  center  line.. 
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total  base  pressures  for  the  south  half  of  nonbiith  12  on  selected  days. 
In  computing  the  weight  of  the  structure,  the  average  density  of  the 
concrete,  adjusted  for  the  presence  of  steel*  was  taken  as  150,  lb/cu  ft • 
The  density  (saturated  unit  weight)  of  the  saiid  backfill-  was  taken  as 
,125  lb/cu  ft.  The  measured  effective  base  pressure  is  equal  to' the  area 
under  the  effective  pressure  diagram.  (See  plates  59-61  for  examples  of 
the  base  pressure  diagrams.)  The  measured  total  base  pressure  corre¬ 
sponds  to  the  foundation  reaction  and  is  equal  to  the  measured  effective 
base  pressure  plus  the  uplift  pressure  (area  under  uplift  diagram). 

88.  At  the  beginning  of  construction,  the  effective  base  pres¬ 
sures  Increased  with  increasing  structure  load  (weight  of  concrete  and 
backfill).,  The  pressure  increased  to  armaximum  of  t50  kips  in  Decem¬ 
ber  1961,  when  the  sand  backfill  was  completed.  After  December  1961, 
the  effective  base  pressure  showed  a  slight  'decrease  due  to  ah  increase 
in  uplift  pressures  beneath  the  lock.  After  the  lock  was  flooded,  the 
effective  base  pressure  varied,  with  changes  in  uplift  pressure.  When 
the  uplift  pressure  increases  during  high-water  periods,  the  effective 
base  pressure  decreases  j  when  the  uplift  pressure  decreases  during  low- 
water  periods,  the  effective  pressure  increases. 

Difference  between  weight  of 
structure  and  measured  reaction 

89.  For  analysis  of  data,  it  was  assumed  that  the  base  pressures 
beneath  the  north  half  of  monolith  12  were' the  same  as  base  pressures 
beneath  the  south  half.  The  time  plot  in  plate  6k  shows  a  difference 
between  the  actual  weight  of  the  structure  and  the  measured  reaction  for 
the  south  half  of  monolith  12.  This  difference,  wqaressed  both  in  kips 
and  in  percent  of  actual  weight,  is  also  plotted  versus  time  in  plate  6h, 
The  difference  in  the  reaction'  and  actual  weight  during  the  early  stage 
of  construction  (before  the  base  slab  was  completed)  is  not  considered 
significant  because  the  actual  pressures  were  relatively  small.  After 
the  base  slab  was  placed,  the  difference  varied  from  0  to  33  percent  of 
the  actual  weight. 

90.  The  difference  between  the  measured  total  pressure  and  actual 
weight  of  the  structure  could  be  due  to:  (a)  errors  in  constructing 
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accurate  soil  pressure  diagrams,  (b)  overregistration  of  soil  stress 
meters  and  time  effects,  and  (c)  frictional  forces  acting  along  the 
sides  of  the  lock  generated  by  settlement  of  backfill  with  respect  to 
the  lock.  The  effect  of  errors  in  drawing  the  soil  pressure  diagrams 
was  minimized  by  drawing  all  soil  pressure  diagrams  with  respect  to  the 
plotted  points  in  as  similar  a, manner  as  possible  so  that  the  resulting 
error,  if  any,  would  be  a  constant  percentage  of  the  reaction. 

91.  Changes  in  meter  .readings  with  time  are  demonstrated  by  the 
observations  .during  placement  of  the  three  lifts  of  the  base  slab  (see 
plates  28-34).  It  can  be  seen  that  in  some  cases,  meters  reacted  rela¬ 
tively  slowly  and  did  not  register  a  stable  pressure  until  a  week  after 
a  lift  was  placed.  Measured  reactions  for  the  time  plots  in  plate  64 
were  generally  selected  during  periods  of  construction  inactivity  to 
reduce  time  effects;  however,  any  errors  due  to  possible  overregistra¬ 
tion  or  underregistration  are  still  included  in  the  measured  values. 

92.  A  significant  percentage  of  the  difference  between  the  mea¬ 
sured  base  pressures  and  actual  weight  of  the  structure  is  most  probably 
due  to  frictional  forces  acting  along  the  sides  of  the  structure. 
Placement  of  sand  backfill  behind  the  lock  walls  resulted  in  a  greater 
load  existing  under  the  backfill  than  under  the  lock;  consequently,  the 
backfill  settled  more  than  the  lock.  Also,  placement  of  the  sand  back¬ 
fill  probably  caused  the  5-ft-thick  clay  blanket  at  the  bottom  of  the 
excavation  to  consolidate,  thereby  increasing  the  differential  settle¬ 
ment  between  the  backfill  and  the  lode.  This  difference  in  settlement 
was  probably  effective  in  creating  a  downward  drag  on  the  sides  of  the 
lock,  which  in  turn  resulted  in  the  foundation  reaction  being  progres¬ 
sively  greater  chan  the  actual  structure  load.  It  can  be  seen  in 
plate  64  that  the  difference  between  measured  reaction  and  actual  weight 
of  the  structure  increased  as  the  sand  backfill  was  placed  (April  to 
December  1961).  Flooding  of  the  lock  caused  an  increase  in  structure 
load  and  resulted  in  a  decrease  in  frictional  drag  on  the  sides  qf  the 
lock,  as  indicated  by  a  decrease  in  the  difference  between  foundation 
reaction  and  actual  load.  The  difference  between  the  reaction  and 
actual  load  decreased  to  10  percent  of  the  actual  load  during  the  crest 
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of  the  1963  high  water  (April  1963),  increased  during  the  low-water  sea¬ 
son  (July  1963  to  January  1964),  and  decreased  again  during  the  1964 
high  water.  This  would*  indicate  that  the  frictional  drag  decreases  when 
structure  load  increases  and  increases  when  the  structure  load  decreases. 


Comparison  of  Observed  and  ~ 

Predicted  Base  Pressures  / 

. .  "  : -  a  ■ 

A 

93.  The  effective  "base  pressures  and  uplift  pressures  observed  at 
monolith  12  for  Case  I',  iA' ,  and  III*  conditions  are  shown  in  plates  59* 
60,  and  6l,  respectively,  together  with  the  base  pressures  and  uplift 
pressures  assumed  for  design  Case  I,  IA,  and  III  conditions.  As  shown 
in  these  plates,  the  observed  effective  base  pressure  distributions  are 
considerably  different  from  those  assumed  in  design.  The  observed  dis¬ 
tribution  is  similar  in  shape  to  the  observed  distribution  of  base 
pressures  of  Port  Allen  Lock  except  that  pressures  were  much  greater 
beneath  the  culverts  and  smaller  near  the  center  than  those  observed  at 
Port  Allen.  For  all  cases,  the  maximum  pressures  developed  about  55  ft 
on  either  side  of  the  center  line  of  the  lock  (rear  the  center  of  the 
culverts),  the  minimum  pressure  occurred  from  15  to  25  ft  on  either  side 
of  the  center  line,  and  the  pressure  at  the  center  line  was  only 
slightly  greater  than  the  minimum  observed  pressure.  A  summary  of  base 
pressures  assumed  in  design  for  the  center  and  outer  edge  of  the  lock 
and  the  observed  pressures  at  the  center  and  maximum  observed  pressure 
(55  ft  on  either  side  of  the  center)  expressed  in  percent  of  uniform 
base  pressure  is  given  in  the  following  tabulation: 


Percent  of  Uniform 
Base  Pressure 
Assumed  in  Design 

Center 

Sides 

Case  I 

68 

132 

Case  IA 

128 

72 

Case  III 

104 

96 

Percent  of  Uniform  Base 
Pressure  Observed 

Center 

Under 

Culverts  (Max) 

Case  I* 

69 

220 

Case  IA* 

47 

202 

Case  III' 

4l 

223 
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9^.  As  shown  in  plate  60,  the  uplift  pressure  observed  for 
Case  IA*  was  somewhat  greater  than  uplift  pressures  assumed  for  design 
Case  IA.  The  observed  uplift  was  ebout  8.2  psi,  as  compared  with 
k,6  psi  assumed  in  design.  The  observed  uplifts  for  Case  III*  (see 
plate  6l)  were  somewhat  less  than  those  assumed  for  design  Case  III, 
principally  because  the  river  stage  assumed  for  design  Case  III  (el  65.0) 
was  much  higher  than  the  river-  stage  observed  for  Case  III'.  The  uplift 
pressure  assumed  for  design  Case  III  was  33.2  psi,  whereas  during  the 
1963  high  water  (Case  III* ),  an  uplift  pressure  of  28.6  psi  was  observed. 

95.  As  previously  mentioned,  it  is  probable  that  significant 
frictional  force  was  developed  oh  the  sides  of  the  lock.  However,  in 
moment  calculations  for  Cases  IA'  and  III',  the  two  following  assump¬ 
tions  were  made: 

a.  There  were  no  frictional  forces  on  the  sides  of  the  lock, 
as  the  observed  pressures  were  greater  than  actual  loads. 
The  observed  pressures  were  reduced  proportionally  so 
that  the  toted  base  pressure  was  equal  to  the  structure 
load. 

b.  The  observed  base  pressures  were  correct  and  the  differ¬ 
ence  between  the  reaction  and  the  structure  load  was  due 
to  friction  on  the  sides  of  the  lock. 

96.  Applying  assumption  b  to  Case  IA’ ,  the  resulting  side  fric¬ 
tional  force  was  found  to  be  extremely  large.  This  force  ( 110,71*0  lb  on 
each  side  of  the  lock)  was  about  30  percent  of  the  structural  load  and 
was  greater  than  the  total  effective  lateral  earth  pressure  against  the 
walls  (85,910  lb).  For  a  similar  condition  at  Port  Allen  Lock,  the  side 
friction  was  only  about  11  percent  of  the  structure  load.  It  was  there¬ 
fore  concluded  that  for  Old  River  Lock,  the  difference  between  the  ob¬ 
served  base  pressure  and  structure  load  may  not  have  been  entirely  due 
to  side  friction.  Therefore,  for  Case  IA' ,  a  third  assumption  (assump¬ 
tion  c)  was  made  that  considered  the  soil  stress  meter  overregistering 
by  10  percent.  In  this  analysis ,  the  observed  effective  earth  pressures 
beneath  the  lock  were  arbitrarily  reduced  by  10  percent,  and  the  result¬ 
ing  difference  between  base  pressures  and  structure  load  was  considered 
to  be  due  to  side  friction. 

97.  For  Case  III',  the  difference  between  observed  base  pressures 
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and  structure  load  vas  nearly  10  percent  (see  plate  6U).  Assuming  that 
the  meters  overregistered  by  10  percent  (assumption  c)  would  give  the 
same  results  assuming  no  side  friction  (assumption  a).  Therefore,  mo¬ 
ments  for  Case  111'  were  computed  only  for  assumptions,  a  :  and  b. 


PART  VII:  BENDING  MOMENTS  IN  BASE  SLAB  AND  WALLS 


98.  In  order  to  determine  the  actual  Lending  moments  imposed  oh 
the  lock,  moments  in  the  base  slab  and  walls  were  recomputed  on  the 
basis  of  the  observed  data,  and  a  comparison  was  made  of  the  recomputed 
moments  and  those  computed  for  design.  Moments  were  recomputed  only  for 
monolith  12  and  were  based  on  externally  applied  loads  on  the  structure 
as  measured  by  soil  stress  meters  and  piezometers.  In  order  to  verify 
the  recomputed  moments,  deflections  of  the  base  slab  were  computed  from 
the  moment  curves  and  compared  with  observed  deflections  of  the  struc¬ 
ture.  It  was  planned  also  to  recompute  moments  from  the  internal 
stresses  measured  by  concrete  stress  meters  and  computed  from  concrete 
strain  meters.  However,  data  from  these  meters  indicated  that  the  dis¬ 
tribution  of  internal  stresses  was  extremely  complex;  therefore,  no  at¬ 
tempt  was  made  to  compute  moments  from  internal  stresses. 

Moments  Based  on  Applied  Loads 


Moments  in  the  base  slab 

99.  Moments  in  the  base  slab  were  computed  for  Cases  IA*  and  III’ 
using  the  external  load  distributions  shown  in  plates  60  and  6l,  respec¬ 
tively.  Moments  for  Case  IA’  were  computed  for  the  following 
assumptions : 

a.  No  frictional  forces  on  the  sides  of  the  lock  and  ob¬ 
served  pressures  greater  than  actual.  Here,  the  observed 
effective  base  pressures  (shown  in  plate  60)  were  reduced 
proportionally  so  that  toted  measured  reaction  was  equal 
to  the  structure  load. 

b.  The  total  difference  between  the  observed  base  pressures 
and  structure  load  vas  due  to  friction  on  the  sides  of 
the  lock. 

c.  The  observed  effective  base  pressures  were  reduced  by 
10  percent  and  the  resulting  difference  between  base 
pressures  and  structure  load  was  considered  to  be  due  to 
friction  on  the  sides  of  the  lock. 

100.  Moments  computed  on  the  basis  of  the  above  three  assumptions 
are  shown  in  fig.  19.  It  can  be  seen  that  there  is  a  large  difference 
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*  VALUE  5  FOR  CASE  1A  SHOWN  IN  FIGURE  ». 


Fig.  19-  Summary  of  moments  computed  for  Case  IA'  loading  conditions, 

monolith  12 
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'between  the  moments  computed  from  the  assumptions  above.  A  summary  of 
moments  computed  for  the  three  assumptions  is  given  below  along  with  the 
moments  computed  for  design: 

Computed  Moments,  ft-kips 


At  Center 

At  Sides 

* 

Case  IA* 

Line  of  Lock 

of  Lock 

Assumption  a 

-654 

-1634 

Assumption  b 

2135 

597 

Assumption  c 

1075 

-252 

Design  Case  IA 

1731+ 

-1266. 

From  the  comparison  above,  it  can  be  seen  that  the  assumption  of  magni¬ 
tude  of  side  friction  has  a  considerable  effect  on  computed  moments.  As 
previously  mentioned,  it  appears  that  friction  does  act  on  the  sides  of 
the  walls;  however,  the  magnitude  of  this  frictional  force  cannot  be  ac¬ 
curately  determined  from  available  data.  Assuming  that  the  entire  dif¬ 
ference  in  observed  base  pressure  and  structure  load  is  due  to  side 
friction  (assumption  b),  the  computed  moment  at  the  center  of  the  lock 
is  about  23  percent  greater  than  the  moment  computed  for  design.  If  the 
soil  stress  meters  are  assumed  to  overregister  by  10  percent  (assump¬ 
tion  c),  the  computed  moment  at  the  center  is  38  percent  less  than  the 
moment  computed  for  design.  Assuming  no  side  friction  (assumption  a) 
would  result  in  negative  moments  along  the  entire  length  of  the  base  slab. 

101.  Moments  for  Case  III*  (high  water  in  the  lock)  are  shown  in 
fig,  20.  There  was  high  water  in  the  lock  both  in  April  1963  and 
April  1964;  moments  were  computed  for  both  of  the  conditions.  The  major 
difference  between  the  1963  and  1 964  high-water  observations  was  that 
uplift  pressures  beneath  the  lock  in  1964  were  less  than  those  observed 
in  the  1963  high-water  period.  Moments  for  the  high-Water  conditions 
were  computed  for  assumptions  a  and  b  above.  Assuming  that  the  soil 
stress  meter  overregistered  by  10  percent  (assumption  c)  would  be  the 
same  as  assuming  no  3ide  friction  (assumption  a),  because  the  difference 
between  the  total  observed  base  pressures  and  the  structure  load  was 
nearly  10  percent  for  both  high-water  conditions.  A  summary  of  the 
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Fig.  20.  Summary  of  moments  computed  for  Case  III*  loading  conditions,  monolith  12 


moments  computed  from  observed  loads  is  shown  in  the  following  tabula¬ 
tion  along  with  moments  computed  for  design: 


Computed  Moments 

.  ft-kips 

At  Center 

Line  of  Lock 

At  Sides- 
of  Lock 

1963  high  water 

Assumption  a 

-ll»5 

1 

O 

Assumption  b 

1119 

802 

196k  high  water 

Assumption  a 

-159 

-254 

Assumption  b 

1515 

1082 

Design  Case  III 

78  6 

1 

ro 

vn 

102.  Here  again  there  is  a  large  difference  between  moments  com¬ 
puted  for  assumption  a  and  those  computed  for  assumption  b,  assumption  b 
giving  larger  positive  moments  (tension  on  the  top  of  the  base  slab ) 
than  assumption  a.  Also,  there  is  a  considerable  difference  between 
moments  computed  from  observed  loads  and  those  computed  in  design. 
Moments  in  the  walls 

103.  Moments  in  the  walls  computed  from  observed  lateral  pres¬ 
sures  for  Cases  IA*  and  III*  are  shown  in  figs.  19  and  20.  Observed 
lateral  earth  pressures  for  Case  IA*  were  less  than  those  assumed  for 
design  Case  IA  (see  plate  19).  Consequently,  moments  computed  from  ob¬ 
served  loads  were  less  than  momer.ts  computed  for  design.  The  maximum 
moment  computed  from  observed  loads  on  the  walls  (just  above  the  cul¬ 
vert)  was  k6j  ft-kips  (tension  on  the  backfill  side  of  the  wall), 
whereas  the  maximum  moment  computed  for  design  was  823  ft-kips. 

lOl*.  The  loading  conditions  on  the  walls  for  Case  III'  were,  con¬ 
siderably  different  from  conditions  assumed  for  design  Case  III,  as  the 
water  level  in  the  lock  was  22.6  ft  lower  than  the  water  level  assumed 
in  design.  For  that  reason,  moments  in  the  walls  for  Case  III’  were 
considerably  different  from  moments  computed  for  design.  The  maximum 
moment  in  the  walls  computed  for  Case  III’  (shown  in  fig.  20)  was  about 
50  ft-kips  (tension  on  the  backfill  side  of  the  lock).  The  maximum'. 
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moment  computed  for  design  was  356  ft-kips  (tension  oh  the  inside  of  the 
wall). 


Computation  of  Deflections  from  Moments 

105.  In  order  to  verify  the  values  of  base  pressure  bending  mo¬ 
ments  at  monolith  12,  deflections  of  the  base  slab  were  computed  from 
the  moment  curves,  and  the  computed  deflections  were  compared  with  the 
observed  deflection  of  the  base  slab.  To  permit  an  accurate  comparison, 
the  condition  of  the  base  just  prior  to  placement  of  the  wall  (Novem¬ 
ber  1961)  was  assumed  as  a  zero  reference.  The  net  moments  from  this 
initial  condition  to.  Case  IA*  and  from  the  initial  condition  to  Case  III’ 
were  determined.  An  equation  was  determined  for  each  of  the  moment 
curves,  and  deflections  were  computed  from  the  general  equation: 

y  =  ^  f  Xf  XM  dx2  (2) 

E1  Jo  Jo 

Where 

y  =  deflection  at  horizontal  distance  x  from  the  center  line  of 
the  lock 

E  =  modulus  of  elasticity  of  concrete 
I  =  moment  of  inertia  of  the  base  slab 
M  =  moment 

The  electronic  computer  was  utilized  in  determining  an  equation  for  the 
moment  curve.  In  the  computation,  it  was  assumed  that  zero  deflection 
occurred  at  the  center  of  the  lock.  The  value  of  E  is  the  sustained 
modulus  of  elasticity  (instantaneous  modulus  corrected  for  deformation 
due  to  creep)  and  was  determined  from  values  obtained  in  creep  tests 
reported  in  Appendix  B.  An  E  value  of  4.2  x  10^  psi  was  used  for 
Case  IA' ,  and  c\n  E  value  of  4.1  x  10^  psi  was  used  for  Case  III'.  The 
value  of  I  (moment  of  inertia  of  the  base  slab)  was  computed  for  a 
cracked  section. 

106.  A  comparison  of  the  observed  deflections  of  monolith  12  with 
deflections  computed  from  moments  is  shown  in  fig.  21.  For  Case  IA* , 
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DISTANCE  ;FROM  CENTER; LINE  IN  FEET 


Fig.  21.  Observed  and  computed  deflections  of  base  slab 
deflections  were  computed  for  three  moment  curves :  one  moment  curve  was 

r'  , 

computed  for  assumption  a,  one  for  assumption  b,  and  one  for  assump¬ 
tion  c.  As  shown  in  fig.  21,  there  is  a  good  agreement  between  ob¬ 
served  deflections  and  deflections  computed  from  moments  for  assump¬ 
tion  c.  For  assumption  a,  the  computed  deflection  is  about  20  percent 
of  the' observed  deflection,  and  for  assumption  b,  the  computed  deflec¬ 
tion  is  about  ll»0  percent  of  the  observed  deflection. 

107.  A  similar  comparison  was  made  of  deflections  computed  from 
moment  curves  and  observed  deflections  for  Case  III’,  as  shown  in 
fig.  21.  For  this  case,  deflections  were  computed  from  moment  curves 
for  assumptions  a  and  b.  There  is  good  agreement  between  observed  de¬ 
flection  and  deflection  computed  from  moments  for  assumption  a,  whereas 
deflection  computed  from  moments  for  assumption  b  is  slightly  higher 
than  observed  deflection. 

Internal  Stresses  and  Strains 

108.  Summaries  of  the  internal  strains,  as  measured  by  the 
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concrete  strain  meters  for  Cases  IA*  an &  III' ,  are  given  in  plates  65 
and  66,  respectively.  Stresses  were  computed  from  observed  strains  as 
previously  described,  and  summaries  of  computed  stresses  for  Cases  IA1 
and  III*  are  shown  in  plates  67  and  68,  respectively.  At  the  center 
line  of  the  lock,  nine  strain  meters  were  installed  at  various  eleva¬ 
tions  in  the  base  slab  to  observe  the  distribution  of  stresses  and 
strains  at  that  location.  It  was  considered  that  moments  could  be  conn 
puted  at  the  center  line  from  the  stresses  computed  from  observed  strain 
As  experienced  at  Port  Allen  Lock,  the  stress  distribution  in  the  base 
slab  at  Old  River  Lock  prior  to  placement  of  walls  was  very  complex,  and 
no  attempt  was  made  to  compute  moments  in  the  base  slab  prior  to  this 
time.  Instead,  an  attempt  was  made  to  employ  .the  same  method  of  analy¬ 
sis  as  was  used  for  Port  Allen,  i.e.,  use  the  internal  stresses  just 
prior  to  placement  of  walls  as  a  zero  reference  and  compute  moments 
caused  by  subsequent  load.  The  distribution  of  stresses  in  the  base 
slab  caused  by  the  subsequent  loads  is  shown  in  plate  67  for  Case  IA' 
and  in  plate  68  for  Case  III'.  It  can  be  seen  that  these  distributions 
of  stresses  are  still  very  complex;  it  appears  that  the  base  slab  is 
acting  as  three  separate  beams  instead  of  as  a  single  beam.  Because  of 
this  complex  distribution  of  stresses,  the  attempt  to  compute  moment  in 
the  base  slab,  from  internal  stress  was  abandoned. 


Finite  Element  Analysis 

109.  In  1968-1969,  the  University  of  California,  Berkeley,  under 
contract  with  WES  conducted  a  study  to  develop,  a  procedure  for  finite 
element  analysis  of  reinforced  concrete  U-frame  structures  and  applied 
the  analysis  to  Port  Allen  and  Old  River  Locks.  Detailed  results  of 
the  study  are  reported  in  reference  12,  and  a  summary  of  the  results  of 
the  Old  River  Lock  analysis  is  given  below. 

110.  In  the  study,  various  finite  element  design  procedures  were 
employed,  and  results  of  computed  displacements  and  soil  pressures  were 
compared  with  instrumentation  observations  from  Port  Allen  Lock.  The 
procedure  was  refined  until  good  agreement  was  obtained  between 


computed  and  observed  displacements  and  soil  pressures.  After  the  pro¬ 
cedure  was  developed  for  Port  Allen  Lock,  it  was  used  to  analyze  Old 
River  Lock  as  a  means  of  verifying  the  procedure.- 

llli  The  procedure  simulates  the  actual  sequence  of  construction 

operations  such  as  excavation,  dewatering,  placement  of  concrete  and 

backfill,  etc.  The  incremental  finite  element  analysis  was  employed 

■with  nonlinear,  stress-dependent,  inelastic  soil  stress-strain  behavior 

13  - 

as  developed  by  Duncan  and  Chang.  .Soil  parameters  required  in  the 
analyses  were  obtained  from  the  results  of  consolidated-draihed  tri- 
axial  tests.  The  reinforced  concrete  lock  was  treated  as  a  linear 
elastic  structure;  the  sustained;  modulus  of  the  concrete:  was  obtained 
from  results  of  the  creep  tests  described  in  Appendix :B.  Special  one- 

ill  ‘ 

dimensional  interface  elements  developed  by  Goodman  et  al.r  were  used 
to  simulate  the  interface  behavior  between  the  concrete  lock  walls  and 
sand  backfill. 

112.  Results  of  the  computed  deflections'  of  the  base  slab  and 
walls  of  the  lock  (see  figs.  22  arid  23)  agree  fairly  well  with  observed 
deflections.  Computed  and  observed  effective  earth  pressures  are  shown 
in  figs.  2k  and  25.  The  computed  lateral  earth  pressures  along  the  lock 
wall  and  culvert  are  generally  in  good  agreement  with  observed  earth 
pressures;  however,  computed  base  pressures  are  much  more  uniform  than 
observed  base  pressures.  Observed  base  pressures  are  lower  at  the  cen¬ 
ter  and  higher  under  the  culverts  than  the  computed  base  pressures.  The 
computed  friction  on  the  sides  of  the  walls  was  much  less  them  the  dif¬ 
ference  between  observed  base  pressure  and  structure  load.  For  Case  IA', 
the  computed  side  friction  was  9.5  percent  of  the  structure  load  (weight 
of  structure  and  backfill  above  culverts);  the  difference  between  ob¬ 
served  base  pressures  and  structure  load  was  30  percent  of  the  structure 
load.  For  Case  III*,  the  computed  side  friction  was  6.5  percent  of  the 
structure  load;  the  difference  between  observed  base  pressures  and 
structure  load  was  10  percent  of  the  structure  load. 

113.  Moments  in  the  base  slab  based  on  the  finite  element  analy¬ 
sis  are  shown  with  the  moments  from  observed  external  pressures  in 
figs.  26  and  27,  for  Cases  IA'  and  III’,  respectively.  Although  the 
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DEFLECTION 


DEFLECTION  OF  BASE  SLAB  IN  FEET 


DEFLECTION  OF  WALLS 
DUE  TO  PLACEMENT  OF 
BACKFILL  RELATIVE  TO 
POINT  A  IN  FEET 


LEGEND 

O  OBSERVED  DEFLECTIONS 

»  DEFLECTIONS  CALCULATED 
BY  FINITE  ELEMENT 
APPROACH 


Fig.  23.  Deflections  of  base  slab  and  walls,  computed  by  finite 
element  method.  Case  III* 


PRESSURE  IN  LB  /SQ  IN. 


MOMENTS  IN  BASE  SLAB  iN  KIP-FEET 


LEGEND 

- ASSUMPTION  a 

- ASSUMPTION  b 

- ASSUMPTION  c 

-  FINITE  ELEMENT 

RESULTS 


NOTE:  POSITIVE  MOMENT 
DENOTES  TENSION 
IN  TOP  OF  SLAB. 


Fig.  26.  Moments  in  base  slab  from  finite  element 
method.  Case  IA' 
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Fig.  27.  Moments  in  base  slab  from  finite  element 
method,  Case  III' 
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Fig.  27.  Moments  in  base  slab  from  finite  element 
method,  Case  III* 


computed  side  friction  is  considerably  less  than  the  difference  between 
observed  base  pressures  and  structure  load,  moments  based  on  the  finite 
element  method  are  significantly  greater  than  moments  based  on  observed 
loads.  The  reason  for  this  is  that  observed  base  pressures,  which  are 
characterized  by  high  pressures  under  the  culvert,  are  more  similar  to 
the  distribution  of  structure  weight  and  thus  will  cause  lower  moments 
than  the  more  uniformly  distributed  computed  pressures. 

114.  For  Case  iA' ,  maximum  moment  in  the  walls  computed  by  the 
finite  element  analysis  was  330  ft-kips,  as  compared  with  467  ft-kips 
computed  from  observed  pressures.  For  Case  III'  ,  maximum  wall  moment 
computed  from  the  finite  element  method  was  about  100  ft-kips,.  as  com¬ 
pared  with  approximately  50  ft-kips  computed  from  observed  loads i 
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PART  VIII:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


115 .  Based  on  the  analyses  and  observations  of  engineering  mea¬ 
suring  devices  at  Old  River  Lock,  the  following  conclusions  are  believed 
warranted. 

Instrumentation 

116.  The  electrical  measuring  devices  performed  satisfactorily 
and  constitute  an  accurate  and  reliable  means  of  obtaining  field  mea¬ 
surements  provided  they  are  properly  checked  and  tested  prior  to  instal¬ 
lation  and  are  installed  by  qualified  instrumentation  technicians.  With 
the  exception  of  the  Carlson  pore  pressure  cell,  all  electrical  devices 
were  functioning  when  construction  was  completed.  After  approximately 
nine  years  of  service,  all  devices  except  the  pore  pressure  cell,  a  soil 
stress  meter,  and  a  concrete  strain  meter  were  functioning. 

117.  The  wall  deflection  pipes  provided  a  simple  means  of  deter¬ 
mining  accurate  measurements  of  the  rotation  and  deflection  of  lock 
walls. 

118.  The  water-level  device  operated  satisfactorily  for  measuring 
settlements  of  the  lock  floor.  The  deep-water  sounding  device  performed 
satisfactorily  until  the  accumulation  of  sediment  over  the  settlement 
plates  in  both  gate  bays  became  too  deep  to  be  penetrated  by  the  device. 

119.  The  engineering  measuring  devices  performed  as  intended  with 
the  following  exceptions: 

a.  The  sounding  wells  became  inoperative  a  few  months  after 
water  entered  the  lock  due  to  clogging  of  the  inlets  at 
the  bottoms  of  the  wells. 

b.  One  bench  mark  was  destroyed  and  the  other  was  damaged 
and  subsequently  repaired;  as  a  result,  doubtful  mea¬ 
surements  of  foundation  rebound  were  obtained.  Bench 
marks  were  not  set  sufficiently  deep  and  were  probably 
affected  by  changing  stress  conditions  resulting  from 
groundwater  lowering  during  construction. 

Observations  and  analysis 

120.  Observed  rebounds  ranged  from  0.1*8  to  0.1*2  ft  and  were 
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considerably  greater  than  rebound  predicted  in  design.  However,  bench 
mark  elevations  are  questionable  9  and  it  is  believed  that  observed  re¬ 
bounds  are  in  error.  For  the  aarne  reason,  the  magnitudes  of  the  ob¬ 
served  settlements  are  questionable.  It  is  believed  that  the  observed 
settlements  provide  a  reasonable  indication  of  the  deflected  shape  of 
the  lock. 

121.  The  lock  settled  at  a  relatively  uniform  rate  during  con¬ 
struction,  and,  as  of  1964,  settlement  appeared  to  be  essentially  com¬ 
plete.  The  lock  still  tends  to  settle  and  rebound  a  minor  amount  with 
rising  and  falling  river  stages. 

122.  The  observed  base  pressure  distribution  curves  differed  in 
shape  from  the  distribution  curve  assumed  in  design.  The  distribution 
curve  for  effective  base  pressures  beneath  Old  River  Lock  was  similar  in 
shape  to  the  pressure  distribution  curve  for  effective  base  pressure 
beneath  Port  Allen  Lock  except  that  observed  pressures  at  Old  River  Lock 
were  greater  beneath  the  culverts  and  smaller  beneath  the  center  line 
than  the  base  pressures  observed  at  Port  Allen. 

123.  Differences  in  magnitude  between  measured  total  base  pres¬ 
sures  and  the  actual  structure  load  for  Case  IA*  are  attributed  mainly 
to  frictional  drag  on  the  sides  of  the  lock,  which  was  probably  caused 
by  greater  settlement  beneath  the  backfill  than  beneath  the  lock  itself. 
With  high  water  in  the  lock  (Case  III’),  the  lock  settled  with  respect 
to  the  backfill,  and  side  friction  was  reduced.  The  actual  magnitude  of 
frictional  forces  cannot  be  accurately  determined  from  available  data. 

124.  The  observed  lateral  earth  pressures  along  the  lock  walls 
were  considerably  less  than  those  assumed  in  design.  For  Case  IV,  co¬ 
efficients  of  earth  pressure  k  varied  from  0.31  along  the  culvert  wall 
to  0.21  along  the  wall  stem.  The  values  of  k  for  Case  III’  were  simi¬ 
lar  to  the  k  values  for  Case  IA*  except  that  values  were  slightly 
higher  near  the  upper  portion  of  the  wall  stem.  The  walls  moved  toward 
the  backfill  during  construction.  After  construction,  movements  of  the 
wall  were  affected  more  by  seasoned  temperature  veiriation  than  by  water 
levels  in  the  lock. 

125.  In  computing  moments  in  the  base  slab  from  observed  external 
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loads,  the -assumed  magnitude  of  side  friction  has  a  considerable  effect* 
Assuming  that  the  total  difference  between  observed  base  pressures  and 
actual  structure  load  is  due  to  side  friction,  the  computed  moment  at 
the  center  of  the  base  slab  was  2135  ft-kips,  which  is  22  percent 
greater  than  the  moment  computed  in  design;  assuming  the  meters  overreg¬ 
ister  by  10  percent,  the  moment  computed  at  the  center  is  1705  ft-kips, 
or  38  percent  less  than  the  design  moment;  and  assuming  no  side  friction 
results  in  negative  moments  at  the  center.  Iii  computing. deflections  of 
the  base  slab  from  moments ,  the  computed  deflection  assuming  10  percent 
overregistration  of  meters  gave  the  best  agreement  with  observed 
deflections . 

126.  Although  the  finite  element  method  of  analysis  resulted  in 
good  agreement  between  computed  and  observed  earth  pressures  beneath  the 
base  slab  and  along  the  walls  of  Port  Allen  Lock  and  along  the  walls  of 
Old  River  Lock,  the  base  pressures  beneath  Old  River  Lock  computed  by 
this  method  were  in  poor  agreement  with  observed  base  pressures.  Mo¬ 
ments  in  the  base  slab  computed  from  the  finite  element  method  were  much 
greater  than  moments  computed  from  observed  loads.  Despite  the  lack  of 
agreement  between  observed  base  pressures  and  those  computed  by  the 
finite  element  method,  the  finite  element  analysis  is  considered  to  be 
markedly  superior  to  other  existing  design  procedures. 

Recommendations 


Old  River  Lock 

i27.  It  is  recommended  for  Old  River  Lock  that: 

a.  All  electrical  measuring  devices,  settlement  reference 
points  and  plates,  and  wall  deflection  pipes  be  read 
once  a  year  during  low-water  season.  All  devices  should 
be  read  when  the  lock  is  dewatered. 

b.  At  the  time  the  data  presented  in  this  report  were  ana¬ 
lyzed,  it  was  considered  that  the  observed  interned 
stresses  and  strains  in  the  concrete  were  too  complex  to 
be  analyzed  by  conventional  methods  and  that  such  an 
anedysis  was  beyond  the  scope  of  this  report.  In  recent 
years ,  advances  have  been  made  in  structural  anedysis 
using  the  finite  element  method.  It  is  therefore 
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recommended  that  additional  studies  he  made  to  analyze 
the  observed  internal  stresses  and  strains  using  the 
finite  element  method. 

Similar  Structures 

128.  For  instrumentation  of  similar  structures ,  it  is  recommended 

that : 

a.  Bonded  strain  gages  he  used  to  measure  strain  in  the 

~  reinforcing  steel  in  the  concrete  base  slab. 

b .  Settlement  plates  be  installed  in  the  backfill  behind 
the  lock  walls.  Observed  settlements  of  the  backfill 
may  contribute  to  a  better  understanding  of  the  develop¬ 
ment  of  frictional  forces  on  the  sides  of  the  lock. 

c.  Pressure  cells  capable  of  measuring  both  normal  and 
shear  stresses  be  utilized  along  the  lock  walls  if  such 
cells  become  commercially  available. 

d.  Additional  pressure  cells  at  closer  spacing  be  installed 
on  both  sides  of  the  lock  to  provide  a  more  accurate  as¬ 
sessment  of  the  pressure  distribution  beneath  the  slab. 

e.  Bench  marks  be  installed  at  sufficient  depth  to  minimize 
the  effects  of  movements  from  stress  changes  caused  by 

■  groundwater  lowering  during  construction. 

129.  On  the  basis  of  data  obtained  from  the  instrumentation  pro¬ 
gram  at  Old  Biver  Lock,  the  following  recommendations  are  made  with  re¬ 
gard  to  the  design  of  similar  structures  having  the  same  width-depth 
ratio  and  having  similar  foundation  soils,  backfill  materials,  and  clay 
blankets  at  the  base  of  the  backfill: 

a.  The  lateral  earth  pressures  be  selected  on  the  basis  of 
observed  k  values  presented  in  this  report  (see 

fig.  18),  providing  that  the  relation  of  sequence  of 
wall  construction  to  backfill  placement  is  similar  to 
that  employed  at  Old  River  Lock. 

b.  A  rectangular  distribution  of  base  pressure  be  used  be¬ 
neath  the  lock  with  175  percent  of  the  average  base 
pressure  acting  beneath  the  culverts  and  lock  walls  and 
the  remainder  of  the  pressure  distributed  uniformly  be¬ 
neath  the  lock  chanber.  The  finite  element  analysis 
described  in  reference  12  should  be  used  to  check  design 
procedures  for  future  similar  structures. 
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APPENDIX  A:  DESCRIPTION,  CALIBRATION,  AND  INSTALLATION  OF 
ELECTRICAL  MEASURING  DEVICES  AND  WALL  DEFLECTION  PIPES 


Electrical  Measuring  Devices 


1.  Electrical  measuring  devices  consisted  of  soil  stress  meters, 

strain  meters,  a  pore  pressure  cell,  and  resistance  thermometers  ob- 

10* 

tained  from  Dr.  H.  W.  Carlson,  Berkeley,  Calif.,  and  WES  earth  pres¬ 
sure  cells  fabricated  at  WES.  Detailed  descriptions  of  the  Carlson  de¬ 
vices  are  presented  in  reference  10.  Calibration  data  for  the  various 
types  of  Carlson  measuring  devices  were  furnished  by  Dr.  Carlson.  All 
devices  were  checked  at  WES  for  leakage,  and  additional  calibration 
tests  were  performed  on  a  number  of  the  devices  as  an  independent  check, 
the  results  therefrom  being  compared  with  the  original  data.  Complete 
calibration  tests  were  also  performed  on  the  WES  pressure  cells,  and  the 
results  are  presented  herein. 

2.  Each  of  the  electrical  measuring  devices  had  the  required 
length  of  cable  attached.  Cable  consisted  of  Spiral-U  communications 
cable,  having. four  No.  18  stranded  conductors,  a  foil  shield,  neoprene 
jacket,  and  a  steel  basket-weave  braid.  This  type  of  cable  was  used 
because  of  its  ability  to  resist  rough  treatment. 

Carlson  soil  stress  meters 

3.  Carlson  soil  stress  meters,  series  PE-50,  which  measure  stress 
to  the  nearest  0.2  psi  within  the  range  of  0  to  50  psi  in  compression, 
were  used.  Photographs  of  the  Carlson  soil  stress  meter  are  shown  in 
fig.  Al. 

h.  Calibration  data  furnished  by  Dr.  Carlson  for  each  meter  are 
given  in  table  Al.  These  data  were  based  on  a  procedure  in  which  vari¬ 
ous  loads  were  applied  through  a  rigid  plate  over  the  effective  area  of 
the  meter.  However,  it  was  believed  that  field  loading  conditions  would 


*  Raised  numbers  refer  to  similarly  numbered  items  in  the  Literature 
Cited  at  the  end  of  the  main  text. 


Al 


Fig.  Al.  Carlson  soil  stress  meter 


be  simulated  more  closely  if  the  calibration  loading  were  applied  as  a 
uniform  pressure  through  a  flexible  diaphragm.  Consequently,  all  soil 
stress  meters  were  further  calibrated  at  WES  by  means  of  diaphragm  load¬ 
ing.  The  soil  stress  meters  were  further  calibrated  at  WES  by  means  of 
hydrostatic  loading.  The  procedures  used  in  the  three  types  of  load 
calibration  are  shown  schematically  in  fig.  A2.  The  difference  between 

FORCE,  P 


(A)  RIGID  PLATE 
CALIBRATION 


(B)  WES  DIAPHRAGM  PRESSURE 
CALIBRATION 


(C)  HYDROSTATIC  PRESSURE 
CALIBRATION 


Fig.  A2.  Methods  used  in  calibrating  Carlson  soil  stress  meters 


7  hydrostatic  and  diaphragm  loadings  is  that  in  the  diaphragm  loading  the 
load  is  distributed  uniformly  over  the  entire  faceplate,  whereas  in  the 
hydrostatic  loading,  the  load  acting  oh  the  face  is  partially  balanced 
by  reaction  components  existing  in  the  peripheral  slot.  Direct  loading 
through  the  diaphragm  corresponds  to  loading  in  the  field  under  total 
pressure  (intergranular  plus  hydrostatic  pressures).  The  hydrostatic 
calibrations  were  performed  to.  permit  computation  of  intergranular  pres¬ 
sures  acting  on  the  face  of  the  meter, 

5.  Leak  tests  and  hydrostatic  calibration.  When  received  at  WE3, 
the  soil  stress  meters  were  placed  in  a  pressure  chamber  for  leak  tests 
and  calibration  under  hydrostatic  pressure.  The  resistance  ratio  was 
determined  at  0-  and  40-psi  pressure,  with  the  total  resistance  of  the 
meter  observed  for  each  load.  The  meter  was  subjected  to  an  air  pres¬ 
sure  of  40  psi  overnight  (about  16  to  18  hr),  and  the  resistance  ratio 
and  meter  resistance  were  observed  again.  If  the  meiter  did  not  .leak  (no 
change  in  resistance  ratio),  it  was  then  calibrated  Linder  a  hydrostatic 
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pressure.  The  meter  was  loaded,  in  iOrpsi  increments  to  a  ma^mum  pres¬ 
sure  of  1*0  psi,  then  unloaded  in  10-psi  decrements.  The  .resistance 
ratios  were  recorded  for  each  pressure.  After  calibration,  the  meter 
and  entire  length  of  cable  were  immersed  in  water  and  subjected  to  a 
hydrostatic  pressure  of  1*0  psi  for  about  2l*  hr.  The  resistance  ratio 
and  total  resistance  of  the  meter  were  read  before  and  after  the  pres¬ 
sure  was  applied  and  before  and  after  the -pressure  was  released;  The 
meter  insulation  and  cable  insulation  were  also  checked; 

6.  When  received  in  the  WES  laboratory,  the  periphery  of  each 
stress  meter  was  covered  with  tape  (see  fig.  Al).  This  tape  was  removed 
before  leak  testing  and  hydrostatic  calibration  and  was  afterwards  re¬ 
placed  by  a  l/l6-in. -thick  strip  of  cork  held  in  place  by  electrician’s 
plastic  tape.  It  was  considered  that  the  tape  supplied  with  the  meters 
was  not  sufficiently  rigid  to  prevent  entrance  of  concrete  into  the  in¬ 
dentation  formed  by  the  peripheral  groove,  and  it  was  also  felt  that  the 
porosity  of  the  cork  would  allow  entrance  of  water  into  the  groove  and 
thus  provide  a  true  hydrostatic  pressure  on  the  loading  diaphragm. 

7.  Load  calibration  of  diaphragm.  In  the  diaphragm  pressure 
calibration  method,  a  uniform  pneumatic  pressure  was  applied  in  a  cham¬ 
ber  to  the  face  of  the  stress  meter  through  a  single  rubber  diaphragm; 
The  back  of  the  stress  meter  was  supported  by  a  cork  load  pad  on  an  ac¬ 
curately  machined  steel  reaction  plate  forming  part  of  the  chamber.  The 
meters  were  calibrated  by  applying  pressures  in  the  following  sequence: 
(a)  during  the  first  cycle  of  loading,  the  pressures  were  increased  in 
10-psi  increments  to  a  maximum  load  of  1*0  psi  and  then  decreased  in 
10-psi  decrements  to  0;  (b)  for  the  next  two  cycles,  the  pressures  were 
increased  in  10-psi  increments  to  1*0  psi,  then  decreased  from  1*0  to 

0  psi*  The  calibration  curves  for  each  meter  were  plotted  using  the 
average  value  obtained  for  increasing  pressures.  Calibration  constants 
were  computed  based  on  the  average  slope  of  the  curve  for  increasing 
values. 

8.  Comparison  of  calibration  constants.  Calibration  constants 
furnished  by  Dr.  Carlson  are  shown  in  table  Al.  These  calibration 
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constants  were  corrected  for  the  resistance  of  the  attached  cables  using 
the  following  equation: 


C* 


c  i  rc(o.8i» 

R 


(Al) 


where 

C'  =  corrected  calibration  constant,  psi/0.01  percent  change  in 
resistance  ratio 

C  =  original  calibration  constant,  psi/0.01  percent  change  in 
resistance  ratio 

Y  =  resistance  in  ohms  of  a  pair  of  leads  =  0.013  *  cable 
length,  ft 

R  =  meter  resistance  in  ohms  at  0  F 

9.  The  corrected  calibration  constants  varied  between  102  and 
109  percent  of  the  calibration  constants  determined  by  WES.  The  differ¬ 
ences  were  insignificant,  and  in  subsequent  calculations,  the  WES  values 
were  used.  The  hydrostatic  calibration  constants  determined  by  WES  were 
greater  than  the  calibration  constants  furnished  by  Dr.  Carlson  or  those 
determined  using  the  WES  diaphragm  loading  calibration  method.  A  con¬ 
servative  estimate  was  made  of  the  required  lengths  of  cable  for  each 
meter.  Consequently,  when  the  terminal  leads  were  installed  in  the  in¬ 
strumentation  houses  and  it  became  necessary  to  shorten  the  cable,  the 
calibration  constants  were  revised  to  take  into  account  the  shortening 
of  the  cables. 

Carlson  strain  meters 

10.  Thirty-eight  Carlson  strain  meters,  series  SA-10,  were  ob¬ 
tained  initially;  one  of  these  served  as  a  replacement  in  case  any  of 
the  37  other  meters  should  be  damaged  or  become  inoperative  prior  to 
installation.  These  meters  can  measure  strains  between  hoo  millionths 
in  expansion  and  800  millionths  in  contraction.  In  addition,  the  two 
meters  that  were  used  as  spares  for  the  Port  Allen  Lock  instrumentation 
program  were  used  at  Old  River  Lock  as  no-stress  strain  meters.  A 
Carlson  strain  meter  is  shown  in  fig.  A3.  A  detailed  description  of  the 
meter  is  given  in  reference  10. 

11.  After  they  were  received  at  WES,  the  strain  meters  were  placed 
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in  a  pressure  chamber  and  checked, 
both  in  air  and  in  water,  for 
cable-entry  leaks  and  defective  ca¬ 
ble  as  previously  described  for 
soil-stress  meters.  The  meters 
were  also  checked  to  ensure  that 
the  resistance  ratio  of  the  meter 
at  zero  strain  fell  near  midrange 
of  the  resistance  ratios  furnished 
by  Dr.  Carlson.  Of  the  38  meters 
tested,  four  meters  leaked  and 
three  developed  low  insulation  re¬ 
sistance  during  leak  tests.  Two  other  meters  showed  low  insulation  re¬ 
sistance  when  checked  just  prior  to  installation.  All  defective  meters 
were  returned  to  Dr.  Carlson  for  repair.  The  defects  of  the  meters  were 
found  to  be  in  the  terminals,  which  were  repaired  without  removing  the 
meter  covers}  therefore,  repairing  the  meters  did  not  affect  the  cali¬ 
bration  constants. 

12.  The  calibration  constants  furnished  by  Dr.  Carlson  for  each 
of  the  meters  are  given  in  table  A2.  These  calibration  constants  were 
corrected  for  the  resistance  of  the  leads  as  previously  described  for 
the  stress  meters.  The  calibration  constants  were  revised  when  it  be¬ 
came  necessary  to  shorten  the  cables. 

Carlson  concrete  stress  meters 

13.  Three  concrete  stress  meters,  series  PC-800,  with  a  range  of 
0  to  800  psi  in  compression  were  used.  One  additional  meter  was  subse¬ 
quently  purchased  to  be  used  as  a  spare.  A  Carlson  concrete  stress 
meter  is  shown  in  fig.  Ah,  The  cork  ring  around  the  periphery  of  the 
meter  is  not  shown  in  the  photograph.  All  meters  were  checked  at  WES 
for  leakage  and  low  insulation  resistance.  One  meter  had  a  low  insula¬ 
tion  resistance  when  received  at  WES  and  was  returned  to  Dr.  Carlson  for 
repair. 

14.  Equipment  was  not  available  at  WES  to  check  the  calibration 
constants  in  the  range  of  stresses  expected,  and  the  calibration 
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Fig.  A3.  Carlson  strain  meter; 
complete  assembly  (top),  assembly 
with  fabric  cover  removed  (middle), 
and  assembly  with  flexible  brass 
cover  tube  removed  (bottom) 


Fig.  kb.  Carlson  concrete  stress  meter 
(peripheral  cork  ring  removed) 


AT 


constants  furnished  by  Dr.  Carlson  were  accepted  for  use.  The  calibra¬ 
tion  constants  furnished  by  Dr.  Carlson  are  given  in  table  A3  together 
with  constants  corrected  for  the  effect  of  attached  cables.  The  calibra¬ 
tion  constants  were  revised  when  it  was  necessary  to  shorten  the  cables. 

_  Carlson  core  pressure  cell 


15.  A  single  Carlson  pore 
pressure  cell,  series  TP-50,  was 
utilized.  This  device,  which  is 
used  to  measure  pore  pressure 
within  the  concrete,  has  a  range 
from  0  to  50  psi.  The  cell 
(fig.  A5)  consists  of  a  porous 
plug,  steel  diaphragm,  and  a 
strain  meter  unit. 

Fig.  A5.  Carlson  pore  pressure  cell  ...  . 

6  *  *  16.  After  it  was  received 


at  WES,  the  cell  was  checked  for  leakage  and  low  insulation  resistance 
and  was  found  to  be  satisfactory.  The  calibration  constant  furnished  by 
Dr.  Carlson  and  corrected  for  resistance  of  the  leads  was  0.211  psi / 

0.01  percent  (see  table  A3).  The  cell  was  recalibrated  at  WES,  and  a 
calibration  constant  of  0.2ll*  psi/0.01  percent  was  obtained.  The  cali¬ 
bration  constant  was  based  on  the  average  slope  of  the  calibration  curve 
for  increasing  pressure.  Before  calibration  of  the  cell,  the  space  be¬ 
tween  the  porous  plug  and  the  di¬ 
aphragm  vas  filled  with  oil  to 
reduce  the  time  lag.  After  cali¬ 
bration,  the  cell  was  kept  in  an 
upright  position  to  prevent  the 


loss  of  oil.  The  WES  calibration 


constant  of  0,2lh  psi/0.01  per¬ 
cent  was  adopted  for  use. 
Carlson  resistance  thermometers 


17.  Two  resistance  ther¬ 
mometers,  Carlson  type  TM-1 
(fig.  A6),  were  used.  The 


Fig.  A6,  Carlson  resistance 
thermometer 


resistance  thermometer  consists  of  a  noninductively  wound  coil  of 
enameled  copper  wire  inside  a  brass  case.  Calibration  data  furnished  by 
Dr.  Carlson  are  given  in  table  A3.  The  cable  length  has  no  effect  on 
the  calibration  constant;  therefore,  it  was  not  necessary  to  revise  the 
calibration  constant  when  the  cables  were  shortened.  The  thermometers 
were  checked  at  WES  for  leakage  and  loss  of  insulation  and  were  found  to 
be  satisfactory. 

WES  earth  pressure  cells 

18.  Five  WES  pressure  cells  were  provided  for  installation  in  the 
base  slab  and  walls  of  the  lock.  The  WES  pressure  cell  (fig.  A7)  is  a 
bonded  strain-gage -type  cell 
made  of  stainless  steel;  it  mea¬ 
sures  stresses  within  a  range  of 
0  to  50  psi,  A  detailed  d< - 
scription  of  the  device  is  given 
in  a  previously  published  WES 
bulletin.^ 

19.  The  WES  pressure 
cells  were  calibrated  by  apply¬ 
ing  pressure  through  a  thin 
rubber  diaphragm  to  the  face  of 
the  cell  and  recording  the  re¬ 
sulting  strain  gage  readings. 

As  in  the  case  of  the  soil 
stress  meters,  a  difference  ex¬ 
ists  between  diaphragm  and 
hydrostatic  loadings  because  of 
hydrostatic  pressures  in  the  peripheral  slot.  Therefore,  the  cells  were 
also  calibrated  under  a  hydrostatic  load  in  the  same  manner  used  to  cal¬ 
ibrate  the  Carlson  soil  stress  meter.  Calibration  constants  are  given 
in  table  A3. 

Wall  Deflection  Pipes 

20.  Four  wall  deflection  pipes  were  installed  at  Old  River  Lock 


Fig.  A7.  WES  earth  pressure  cell 
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to  measure  wall  deflections.  The  wall  deflection  pipes  and  deflectom- 
eter  were  designed  and  constructed  at  WES.  The  deflection  pipes  consist 
of  5-in. -ID  pipe  (with  protruding  contact  points  inside  the  pipe)  set 
vertically  in  the  lock  wall.  The  deflectometer  consists  of  a  compound 
vise  and  dial  gages  to  measure  movement  of  a  plumb  bob  attached  to  the 
vise.  The  deflection  pipes  and  deflectometer  used  at  Old  River  Lock 
were  similar  to  those  used  at  Port  Allen  Lock,  which  are  described  in 
detail  in  reference  7»  except  for  the  following  features: 

a.  The  wall  deflection  pipes  are  joined  by  flange  connec¬ 
tions  instead  of  coupJings. 

b.  The  deflectometer  for  Old  River  Lock  contains  a  built-in 
battery-powered  indicator. 

Details  of  the  deflectometer  and  deflection  pipes  used  at  Old  River  Lock 
are  given  in  r;*v*rence  3. 


Installation  of  Devices 


21.  Electrical  measuring  devices  and  wall  deflection  pipes  were 
installed  essentially  as  outlined  in  reference  3.  Departures  from  the 
described  procedures  were  found  to  be  necessary  in  some  instances,  and 
the  revised  procedures  together  with  photographs  and  pertinent  features 
of  the  installation  are  presented  below.  The  actual  locations  of  all 
electrical  devices  and  walx  deflection  pipes  are  also  described. 

Carlson  soil  stress  meters  and 
WES  pressure  cells  beneath  base  slab 

22.  The  soil  stress  meters  and  WES  pressure  cells  beneath  the 
structure  were  installed  in  recesses  formed  in  the  6-in. -thick  stabili¬ 
zation  slab.  The  stabilization  slab  consisted  of  essentially  the  same 
concrete  as  used  for  the  overlying  structure,  but  did  not  contain  rein¬ 
forcing  steel.  At  positions  shown  in  fig.  A8,  4-ft-square  recesses  were 
formed  in  the  stabilization  slab  for  installation  of  the  meters.  Where 
a  WES  pressure  cell  was  to  be  installed  adjacent  to  a  stress  meter,  a 

4-  by  6- ft  recess  was  provided  in  the  stabilization  slab.  Prior  to 
placement  of  the  stabilization  slab,  the  portion  of  the  foundation  on 
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Fig.  A8.  Locations  of  soil  stress  meters  and  pressure  cells 


which  monolith  12  was  to  be  constructed  was  excavated  c sure fully  to  grade 
except  for  the  recess  areas,  where  about  1  ft  of  undisturbed  foundation 
soil  was  left  above  grade  in  place.  This  was  done  to  ensure  that  an 
undisturbed  foundation  surface  would  be  left  on  a  level  corresponding  to 
the  bottom  of  the  stabilization  slab  where  the  meters  would  be  placed. 

23.  A  view  of  the  stabilization  slab  at  monolith  12,  showing  the 
recessed  areas  prior  to  installation  of  the  instruments,  is  shown  in. 
fig.  A9.  Just  prior  to  installation  of  instruments,  the  sand  within  the 
recess  was  carefully  removed  by  hand.  Pig.  A10  shows  the  method  em¬ 
ployed  in  leveling  the  undisturbed  foundation  surface  at  the  bottom  of 
the  recess. 

2h.  All  of  the  meters  were  seated  carefully  on  the  foundation 
sands.  The  bedding  and  natural  stratification  of  the  undisturbed  foun¬ 
dation  sands  were  jlearly  visible  after  the  recessed  areas  were  trimmed 
to  grade.  A  typical  recess  (for  meter  S-6)  is  shown  in  fig.  All. 

Organic  material  interbedded  in  the  sand  was  found  at  grade  in  the  re¬ 
cesses  for  meters  S-5  and  S-7.  The  bottoms  of  these  recesses  were 
trimmed  by  hand,  and  the  meters  were  relocated  where  necessary  in  order 
that  they  could  be  placed  only  on  undisturbed  material.  The  organic 
deposit  in  the  recess  for  meter  S-7  is  shown  in  fig.  A12.  As  shown  in 
this  figure,  S-7  was  placed  on  the  sand  foundation  away  from  the  organic 
deposit.  In  the  case  of  WES  pressure  cells,  cylindrical  holes  the  same 
diameter  as  the  cells  and  1/k  in.  deep  were  carefully  excavated,  and  the 
meters  were  seated  in  the  excavated  holes.  Some  difficulty  was  encoun¬ 
tered  in  maintaining  the  vertical  sides  of  the  holes  during  placement. 
All  Carlson  soil  stress  meters  were  placed  directly  on  the  bottom  of  the 
recess  except  for  meters  S-A  and  S-B,  which  were  installed  below  grade 
to  determine  the  effects  of  protrusion  below  the  slab  on  the  meter  read¬ 
ings.  Soil  stress  meters  S-A  and  S-B  were  seated  in  excavated  holes 
1/h  in.  and  3/1*  in.  below  the  base  of  the  stabilization  slab,  respec¬ 
tively.  Figs.  A13-A17  show  the  instruments  after  they  were  seated  on 
the  bottoms  of  the  recesses  and  before  concrete  was  placed  in  the  re¬ 
cesses.  After  the  meters  were  placed  in  the  recesses,  the  recesses  were 
filled  with  concrete  similar  to  that  used  for  the  stabilization  slab. 
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Fig.  Alp.  Soil  stress 
meters  S-3  and  S-B  in 
place  prior  to  place¬ 
ment  of  concrete  in 
recess 


SB 


v 


SO 


-S^tSU-^/  ,V?1 

,«&U- • 


w 


psjj' 


V«: 


Fig.  Al6.  Soil  stress 
meters  S-A  and  S-U  and 
WES  pressure  cell  W-l 
in  place  prior  to 
placement  of  concrete 
in  recess 


Fig.  A17.  Soxl  strf 
meter  S-ll  and  WES 
pressure  cell  W-3  in 
place  prior  to  place 
ment  of  concrete  in 
recess 


mm. 


NOTE:  A  =  ZERO  FOR  ALL  y  IL  STRESS  METERS  I  ICEPT  S-A  AND  S-e. 
A  »  1/4  IN.  FOR  S-A.  A  *  S/4  IN.  FOR  S  B. 


Fig.  Al8.  Details  of  installation  of  devices 
in  stabilization  slab 


The  portion  of  the  Carl¬ 
son  stress  meter  project¬ 
ing  above  the  top  of  the 
slab  was  encased  in  a  12- 
by  12-  by  U-in.  concrete 
block.  Details  of  meter 
installations  are  shown 
in  fig.  A18.  Cables  from 
the  meters  were  placed 
in  formed  recesses  in 
the  stabilization  slab 
and  were  covered  with 
concrete  after  all  the 
meters  were  installed. 
Each  instrument  was  read 
Just  before  it  was  in¬ 
stalled  and  also  after 
the  installation  was  com¬ 
pleted.  The  actual  lo¬ 
cations  of  the  meters  as 
installed  in  the  stabi¬ 
lization  slab  are  given 
in  table  AU. 


Carlson  soil  stress 

meters  and  WES  pressure 

cells  along  the  sides  of  walls 

25.  The  stress  meters  and  pressure  cells  on  the  backfill  side  of 
the  lock  walls  and  culvert  were  attached  to  the  concrete  forms  so  that 
after  placement  of  the  concrete  and  removal  of  the  forms  the  acting 
faces  of  the  devices  were  flush  with  the  lock  or  culvert  wall.  The 
stress  meters  and  pressure  cells  were  attached  to  the  forms  as  shown  in 
fig.  A19.  The  devices  were  centered  between  three  clips  to  provide 
space  for  the  concrete  to  enter  on  all  sides  of  the  meters.  After  the 
concrete  had  set  and  before  the  forms  were  removed,  the  bolts  holding 
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DIMENSION 


Fig.  A19.  Attachment  of  measurement  devices  to  wall  forms 

the  clips  to  the  forms  were  removed.  The  holes  left  "by  the  holts  were 
backfilled  carefully  with  mortar  after  removing  the  forms.  Installation 
data  for  the  stress  meters  and  pressure  cells  on  the  walls  are  given  in 
table  AU.  A  photograph  of  the  installation  of  one  of  the  devices  (S-13) 
in  the  lock  wall  is  shown  in  fig.  A20. 

26.  Soil  stress  meter  S-lU  on  the  top  of  the  culvert  was  attached 
to  a  2-  by  8-in.  supporting  timber  in  the  same  manner  used  to  attach  the 
meters  in  the  walls  to  the  wall  forms.  During  placement  of  concrete, 
the  timber  was  extended  above  the  top  of  the  culvert  so  that  the  face  of 
the  meter  was  at  the  same  elevation  and  slope  as  the  top  of  the  culvert. 
About  3  hr  after  placement  of  concrete  in  the  top  lift  of  the  culvert. 
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Fig.  A20.  Soil  stress  meter  S-13  attached  to 
inside  of  form  prior  to  placement  of  concrete 

the  timber  on  which  the  meter  was  attached  was  removed,  and  the  concrete 
in  the  vicinity  of  the  face  of  the  meter  was  finished.  The  bolts  hold¬ 
ing  the  clips  were  removed  after  the  concrete  had  set,  and  the  holes 
left  by  the  bolts  were  filled  with  mortar.  Photographs  taken  during  the 
installation  of  stress  meter  S-lU  are  shown  in  fig.  A21.  A  protective 
cover  was  placed  over  the  meter  until  backfill  was  placed  over  the 
device. 

27.  The  sand  backfill  immediately  adjacent  to  the  meters  was 
placed  in  4-in. -thick  layers,  each  layer  being  compacted  by  hand  tamping. 

Ai8 
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a.  Soil  stress  meter  S-l^t 
attached  to  temporary  timber 
support.  Meter  and  support  are 
in  an  inverted  position 


Fig.  A21.  Installation  of  s 

south 


b.  Timber  support  with  soil 
stress  meter  S-l^  attached  in 
position  prior  to  placement  of 
concrete 


c.  Acting  face  of  soil  stress  meter 
S-l4  after  placement  of  concrete  and 
removal  of  temporary  timber  support. 
Bolts  attached  to  clamps  were  later 
removed  and  holes  filled  with 
concrete 


dl  stress  meter  S-l4  on  top  of 
culvert 


The  remaining  sand  backfill  close  to  the  walls  was  placed  in  8-in. -thick 
layers  and  compacted  with  vibratory  compactors. 

Installation  of  concrete 

stress  meters  and  pore  pressure  cell 

28.  The  concrete  stress  meters  and  pore  pressure  cell  were  in¬ 
stalled  in  the  base  slab  at  the  center  line  of  the  lock  with  the  face  of 
each  concrete  stress  meter  vertical  and  parallel  to  the  center  line  of 
the  lock  and  the  porous  plug  of  the  pore  pressure  cell  facing  upward. 

The  locations  of  the  three  concrete  stress  meters  and  the  pore  pressure 
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cell  were  controlled  by  using  three  surveying  instruments:  two  transits 
and  a  level.  One  transit  was  set  up  on  the  lock  center  line  and  the 
other  on  the  station  at  which  the  instrument  was  to  be  installed.  In 
addition  to  locating  the  three  meters  with  surveying  instruments,  the 
proper  alignment  of  the  face  plates  also  was  checked.  The  concrete 
stress  meters  and  the  pore  pressure  cell  were  installed  during  concrete 
placement  operations  in  concrete  that  had  set  sufficiently  to  support 
the  instruments  but  not  to  such  extent  as  would  preclude  working  the 
concrete.  Particular  care  was  taken  to  see  that  the  concrete  was  well 
vibrated  by  hand  along  the  cable  for  pore  pressure  cell  PP-1  for  3  to 
h  ft  from  the  cell.  The  locations  of  the  concrete  stress  meters  and  the 
pore  pressure  cell  are  tabulated  below: 


Installation  Location 

Date 

Meter 

Elevation* 

Instedled 

No. 

Station 

ft  msl 

I960 

C-l 

97+00 

-22.70 

15  Jun 

C-2 

97+00 

-21.35 

15  Jun 

0-3 

97+00 

-20.00 

15  Jun 

c-4 

97+00 

-18.00 

8  Sep 

FF-1 

97+02 

-20.50 

15  Jun 

*  Elevation  refers  to  center  of  face  of  meter. 


Strain  meters 

29.  All  strain  meters  were  checked  prior  to  installation  to  en¬ 
sure  that  they  were  set  at  approximately  the  midpoint  of  the  potential 
strain  range.  All  strain  meters  in  the  base  slab  were  supported  by 
brackets  constructed  of  No.  2  bars  welded  to  the  reinforcing  steel.  Re¬ 
inforcing  ba\'s  were  set  vertically  in  the  concrete  to  support  strain 
meters  M-5,  -10,  -11,  -12,  -13,  -14,  and  -15.  Details  of  the  supports 
for  the  strain  meters  in  the  walls  and  in  the  bass  slab  sire  shown  in 
figs.  A22  and  A23,  respectively.  A  dummy  cylinder  of  wood  of  the  same 
size  and  shape  as  the  strain  meter  was  used  in  the  position  of  the  meter 
while  the  bars  were  being  welded  in  place.  The  bars  were  welded  in 
place  after  the  dummy  cylinder  was  leveled  and  aligned  properly. 
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Fig.  A22.  Support  for  strain  meters  in  wall 


Photographs  of  strain  meters  attached  to  the  reinforcing  steel  and  in 
the  base  slab  and  vails  of  the  structure  prior  to  placement  of  concrete 
are  shown  in  figs.  A2U-A27.  Installation  data  for  the  meters  are  given 
in  table  A5. 

30.  Two  "no-stress"  strain  meters  (M-A  and  M-B)  were  also  in¬ 
stalled,  one  near  the  top  of  the  base  slab  and  one  near  the  bottom  of 
the  base  slab  (see  table  A5).  The  purpose  of  these  meters  was  to  mea¬ 
sure  strains  in  the  concrete  that  are  independent  of  stresses.  The 
meters  were  installed  in  a  19-in. -high,  double-walled  copper  container 
having  an  outside  diameter  of  10  in.  and  an  inside  diameter  varying  from 
9.75  to  8.0  in.  Details  of  the  container  are  shown  in  fig.  A28.  It  was 
considered  that  the  container  vould  isolate  the  strain  meters  from  the 
deformations  due  to  stresses  in  the  concrete.  Photoelastic  analyses  by 
Pant  and  Patil1^  indicated  that  in  order  for  a  meter  to  be  free  from 
stress,  the  distance  from  the  top  of  the  meter  to  the  top  of  the  iso¬ 
lated  zone  should  be  at  least  one-half  the  radius  of  the  isolated  zone. 
The  "no-stress”  meters  at  Old  River  Lock  were  placed  4  in.  below  the  top 
of  the  "no-stress"  container  in  order  that  the  meters  would  not  be  af¬ 
fected  by  external  stresses.  Fig.  A29  shows  strain  meter  M-A  installed 
in  a  "no- stress"  container  near  the  bottom  of  the  base  slab  prior  to 
placement  of  concrete. 

Resistance  thermometers 

31.  The  two  resistance  thermometers  were  fastened  securely  in 
proper  position  by  wires  fastened  to  the  reinforcing  steel.  Installa- 


tion  data  for 

these  instruments  are  as 

follows : 

Meter 

No. 

Station 

Elevation  of 
Center  of 
Device,  ft  msl 

Distance  from 
Inside  Face 
of  Walls,  ft 

Date 

Installed 

1961 

T-l 

97+00 

60.50 

0.37 

l6  Aug 

T-2 

97+00 

60.50 

2.75 

l6  Aug 

Wall  deflection  pipes 

32.  Installation  data  for  the  wall  deflection  pipes  are  given  in 
table  A6.  Deflection  pipes  DP-1  and  DP-2,  which  were  to  be  installed  at 


v 


A23 


*\ , 


v 


v 


'’355k, 


* 


I  i«u5^ 

I  ^ 


,  *  **  '  „  r<«* 

.  -*  r 


Fig.  A2U.  Strain  meter  M-2  near 
bottom  of  base  slab  prior  to 
placement  of  concrete 


Fig.  A25.  Strain  meter  M-15  near 
top  of  base  slab  prior  to  place¬ 
ment  of  concrete 
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Fig,  A26.  Strain  meters  M-5,  M-10,  Fig.  A2T.  Strain  meter  M-33  near 
and  M-ll  in  base  slab  prior  to  inside  face  of  culvert  in  south 

placement  of  concrete  wall  during  concrete  placement 


stas  90+33  and  91+23,  respectively,  were  actually  installed  at 
stas  90+32.75  and  91+21,  respectively,  in  order  to  facilitate  bracing  of 
the  pipes  during  installation.  All  pipes  were  installed  with  less  than 
l/2-in.  maximum  deviation  from  vertical.  Since  the  wall  deflection 
pipes  were  designed  to  measure  the  changes  in  vertical  alignment  of  the 
walls  within  a  range  of  +2  in.,  the  installation  of  the  pipes  was  con¬ 
sidered  satisfactory. 
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Calibration  Data  for  Carlson  Soil  Stress  Meters 
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■■  meter  resistance  at  a  given  temperature. 

temperature  in  °F  is  determined  by  "subtracting  Rj.  from  the  measured  resistance,  R  ,  and  raultlplylng  by  Kj  (8.40  for  all  meters  except  S-B.  Kj  for  S-B  is  8.48). 
resistance  ratio  is  measured  directly  by  the  test?ng  set. 

■  approximate  resistance  ratio  at  0  psi;  £RR  =  change  in  resistance  ratio  in  percent  due  to  a  temperature  change  in  the  meter. 
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Definitions  cf  terms  are  presented  in  table 


Table  A3 

Calibration  Data  for  Miscellaneous  Electrical  Instruments 
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^°^®4  tbs  thickness  of  mercury  film,  in.;  D  is  the  thickness  of  composition  diaphragm,  in.;  and  the  value  80  t/D 

is  used  in  the  equation  for  temperature  correction.  ' 

Definitions  of  other  terms  are  presented  in  table  Al. 


Table  A4 

Installation  Data  for  Carlson  Soil  Stress  Meters 


and  WES 

Pressure  Cells 

Meter 

No. 

Station 

Distance 
from  £ 
ft 

Eleva¬ 
tion 
ft  msl 

Location 

Date 

Instilled 

S-l 

97+05 

66.5  N 

-18.90 

Stabilization  slab 

11  May 

60 

S-2 

97+05 

36.2  N 

-23.93 

Stabilization  slab 

11  May 

60 

S-3 

97+04 

18.1  N 

-23.94 

Stabilization  slab 

11  May 

60 

S-B 

97+0  6 

18.1  N 

-24.00 

Stabilization  slab 

11  May 

60 

S-4 

97+04 

0 

-23.94 

Stabilization  slab 

11  May 

60 

S-A 

97+08 

0 

-23.96 

Stabilization  slab 

11  May 

60 

W-l 

97+06 

0.1  S 

-23.96 

Stabilization  slab 

11  May 

60 

S-5 

97+05 

9.8  S 

-23.92 

Stabilization  slab 

10  May 

60 

S-6 

97+05 

18.0  S 

-23.90 

Stabilization  slab 

10  May 

60 

S-7 

97+05 

25-9  S 

-23.92 

Stabilization  slab 

10  May 

60 

S-8 

97+05 

36.1  S 

-23.87 

Stabilization  slab 

10  May 

60 

W-2 

97+07 

36.1  S 

-23.89 

Stabilization  slab 

10  May 

60 

S-9 

97+05 

46.1  S 

-23.01 

Stabilization  slab 

10  May 

60 

S-10 

97+05 

56.2  S 

-21.01 

Stabilization  slab 

10  May 

60 

S-ll 

97+05 

65.9  S 

-19.05 

Stabilization  slab 

10  May 

60 

w-3 

97+07 

66.1  S' 

-19.03 

Stabilization  slab 

10  May 

60 

S-12 

97+05 

-06.33 

South  wall 

11  Nov 

60 

S-13 

97+05 

— 

+01.00 

South  wall 

16  Jan 

61 

S-14 

97+05 

54.6  S 

+06.93 

Top  of  culvert, 
south  wall 

16  Jan 

61 

S-15 

97+05 

— 

+12.57 

South  wall 

11  Feb 

61 

W-4 

97+07 

— 

+11.95 

South  wall 

11  Feb 

61 

S-16 

97+06 

— 

+19.53 

South  wall 

11  Feb 

61 

S-17 

97+0 6 

— 

+27.32 

South  wall 

14  Feb 

61 

W-5 

97+07 

— 

+27.02 

South  wall 

14  Feb 

61 

S-l8 

97+05 

•  • 

+35.45 

South  wall 

18  Feb 

61 

S-19 

97+05 

— 

+12.65 

North  wall 

11  Feb 

61 

S-20 

97+05 

— 

+27.32 

North  wall 

14  Feb 

a 

Note: 

Locations 

and  elevations  refer  to  center  of  face  of  meters. 

Meters  S-12  through  S-20  (excluding  S-l4)  and  W-4  and  W-5  were 
installed  with  faces  flush  with  outside  face  of  wall. 


Table  A5 

Inatallatlon  Data  for  Strain  Meters 


WES 

Distance  from 

Offset  from 

Meter 

Inside  Face  of 

Center  Line 

Elevation 

Date 

No. 

Station 

Wall,  ft 

of  Lock,  ft 

ft  mal 

Lift 

Installed 

Strain  Meters  In  Base  Slab 


M-l 

96+97 

- 

36.0  N 

-21.58 

First 

15  May  i960 

M-2 

96+97 

- 

27.0  N 

-21.61 

First 

15  May  i960 

M-3 

96+97 

18.0  N 

-22.40 

First 

15  May  i960 

M-4 

96+97 

9.0  N 

-22.42 

First 

15  May  i960 

M-5 

96+97 

Center  line 

-22.37 

First 

15  May  i960 

M-6 

96+97 

9.0  S 

-22.43 

First 

15  May  i960 

M-7 

96+97 

«* 

18.0  S 

-22.46 

First 

15  May  i960 

M-8 

96+97 

m 

27.0  S 

-21.64 

First 

15  May  i960 

M-9 

96+97 

36.0  S 

-21.62 

First 

15  May  i960 

M-10 

96+97 

Center  line 

-20.97 

First 

15  May  i960 

M-ll 

96+97 

Center  line 

-19.58 

First 

15  May  i960 

M-12 

96+97 

Center  line 

-18.34 

Second 

7  Sept  i960 

M-13 

96+97 

Center  line 

-16.95 

Second 

7  Sept  i960 

M-l4 

96+97 

Center  line 

-15.55 

Second 

7  Sept  i960 

M-15 

96+97 

Center  line 

-14.17 

Third 

17  Oct  i960 

M-16 

96+97 

36.0  N 

-12.06 

Third 

17  Oct  i960 

M-17 

96+97 

27.0  N 

-12.04 

Third 

17  Oct  i960 

m-18 

96+97 

m 

18.0  N 

-12.75 

Third 

17  Oct  i960 

M-19 

96+97 

• 

9.0  N 

-12.76 

Third 

17  Oct  i960 

M-20 

96+97 

• 

Center  line 

-12.77 

Third 

17  Oct  i960 

M-21 

96+97 

m 

9.0  S 

-12.78 

Third 

17  Oct  i960 

M-22 

96+97 

«■ 

18.0  S 

-12.79 

Third 

17  Oct  i960 

M-23 

96+97 

am 

27.0  S 

-12.05 

Third 

17  Oct  i960 

M-24 

96+97 

• 

36.0  S 

-12.05 

Third 

17  Oct  i960 

M-25 

96+97 

• 

Center  line 

-H.83 

Third 

17  Oct  i960 

M-A 

96+92 

• 

5.0  S 

-21.58 

First 

15  May  i960 

M-B 

96+92 

■> 

5.0  S 

-13.05 

Third 

17  Oct  i960 

Strain  Meters  in  Walls 

M-26 

96+97 

6.5 

-08.50 

First 

11  Nov  i960 

M-27 

96+97 

1.5 

-- 

-08.50 

First 

11  Nov  i960 

M-28 

96+97 

6.0 

-- 

+14.00 

Third 

11  Feb  i960 

M-29 

96+97 

1.0 

— 

+14.00 

Third 

11  Feb  i960 

M-30 

96+97 

1.5 

•  • 

-08.50 

First 

11  Nov  i960 

M-31 

96+97 

6.5 

— 

-O8.50 

First 

11  Nov  i960 

M-32 

96+97 

1.0 

-- 

-02.50 

First 

11  Nov  i960 

M-33 

96+97 

6.9 

— 

-02.50 

First 

11  Nov  i960 

M-34 

96+97 

1.0 

•  • 

+14.00 

Third 

11  Feb  1961 

M-35 

96+97 

6.0 

+14.00 

Third 

11  Feb  1961 

M-36 

96+97 

1.0 

-- 

+26.00 

Fourth 

14  Feb  1961 

M-37 

96+97 

4.7 

— 

+26.00 

Fourth 

14  Feb  1961 

Note: 


locations  and  elevationB  refer  to  center  of  face  of  meters. 
Strain  meters  M-26  through  M-29  were  installed  in  north  vail. 
Strain  meters  M-30  through  M-37  were  installed  in  south  vail. 


/?3/ 


T 


r 


Installation  Data  for  Wall  Deflection  Pipes 


Deflection 

Pipe  No. 

Contact 
Point  No. 

ileight  Above 
Contact  Point 
No.  1,  ft 

Horizontal  Dis¬ 
tance  Between 
Contact  Points,* 
in. 

N  to  S  E  to  W 

Date  Concrete 
Placed  Around 
Contact  Point 

DP-1  (monolith  22, 

1 

0 

4.748 

4.749 

3  Nov  60 

south  wall, 

2 

10.00 

4.721 

4.745 

3  Nov  60 

sta  9<*32.75) 

3 

16.50 

4.749 

4.750 

4  Jan  61 

4 

22.50 

4.748 

4.746 

13  Feb  61 

5 

28.50 

4.751 

4.750 

16  Mar  6l 

6 

34.50 

4.748 

4.748 

18  Mar  6l 

7 

40.50 

4.749 

4.749 

4  Apr  6l 

8 

46.50 

4.750 

4.748 

4  Apr  6l 

9 

58.50 

4.750 

4.748 

24  May  61 

10 

69.50 

4.748 

4.750 

2  Sep  6l 

11 

78.00 

4.750 

4.750 

21  Dec  61 

DP-2  (monolith  22, 

1 

0 

4.743 

4.748 

3  Nov  60 

south  wall 

2 

10.50 

4.728 

4.746 

3  Nov  60 

sta  91+21) 

*5 

16.50 

4.749 

4.750 

4  Jan  6l 

4 

22.50 

4.^49 

4.750 

13  Feb  61 

5 

28.50 

4.750 

4.750 

18  May  61 

6 

34.50 

4.750 

4.751 

18  May  61 

7 

40.50 

4.751 

4.753 

4  Apr  6l 

8 

46.50 

4.750 

4.750 

4  Apr  6l 

9 

58.50 

4.750 

4.750 

24  May  6l 

10 

70.50 

4.750 

4.750 

2  Sep  6l 

11 

78.50 

4.750 

4.750 

21  Dec  61 

DP-3  (monolith  12, 

1 

0 

4.748 

4.745 

11  Nov  60 

north  wall 

2 

10.00 

4.749 

4.748 

11  Nov  60 

sta  97+00.75) 

3 

21.00 

4.749 

4.746 

14  Jan  6l 

4 

26.25 

4.750 

4.750 

11  Feb  61 

5 

31.50 

4.750 

4.750 

11  Feb  61 

6 

36.75 

4.750 

4.750 

14  Feb  61 

7 

42.00 

4.750 

4.750 

..  14  Feb  61 

8 

52.50 

4.750 

4.750 

18  Feb  61 

9 

63.00 

4.750 

4.750 

23  Feb  61 

10 

70.50 

4.750 

4.750 

16  Aug  61 

11 

78.00 

4.751 

4.751 

19  Aug  6l 

DP-4  (monolith  12, 

1 

0 

4.747 

4.750 

11  Nov  60 

south  wall 

2 

10.00 

4.745 

4.746 

11  Nov  60 

sta  97+00.75) 

3 

21.00 

4.750 

4.750 

18  Jan  61 

4 

26.25 

4.750 

4.750 

11  Feb  61 

5 

31.50 

4.750 

4.750 

11  Feb  6l 

6 

36.75 

4.750 

4.750 

14  Feb  61 

7 

42.00 

4.750 

4.750 

14  Feb  61 

8 

52.50 

4.750 

4.750 

18  Feb  61 

9 

63.00 

4.750 

4.750 

23  Feb  61 

10 

70.50 

4.750 

4.790 

16  Aug  61 

11 

78.00 

4.750 

4.750 

19  Aug  61 

*  Measured  with  micrometer  in  WES  Machine  Shop. 
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APPENDIX  B:  RESULTS  OF  TEST?  ON  CONCRETE, 
REINFORCING  STEEL,  AND  SAJiD  BACKFILL 


1.  Laboratory  tests  were  performed  to  determine  pertinent  engi¬ 
neering  properties  of  the  concrete  and  reinforcing  steel  used  in  mono¬ 
lith  12.  The  data  obtained  from  these  tests  were  vised  to  interpret  data 
obtained  from  the  instruments  embedded  in  the  concrete  base  slab  and 
walls  of  the  lock.  The  data  were  also  used  to  check  certain  assumptions 
made  in  the  design  of  the  lock.  Laboratory  tests  were  conducted  to  de¬ 
termine  the  coefficient  of  thermal  expansion,  volume  change  in  water, 
autogenous  growth,  Poisson's  ratio,  modulus  of  elasticity,  creep,  com¬ 
pressive  and  tensile  strength  of  concrete,  and  modulus  of  elasticity 
and  tensile  strength  of  reinforcing  steel.  Additional  laboratory  tests 
were  performed  on  cylinders  of  concrete  obtained  in  the  field  during 
construction  of  monolith  12  to  pemit  a  qualitative  comparison  of  the 
concrete  actually  used  in  the  structure  with  that  used  in  the  labora¬ 
tory  testing  program.  In-place  density  determinations  were  made  of  the 
sand  backfill  used  behind  the  lock  walls,  and  representative  samples 
were  tested  in  the  laboratory  to  determine  the  relative  density  and 
shear  strength  of  the  backfill  material. 


Laboratory  Tests  on  Concrete 


Mixture  proportions 


2.  Concrete  specimens  were  fabricated  in  the  laboratory  from 
materials  that  were  to  be  used  in  monolith  12,  and  the  mixture  propor¬ 
tions  used  were  those  selected  for  that  monolith.  The  mixture  propor¬ 


tions  were  as  follows: 


Maximum  size  of  aggregate,  in. 
Sand/total  aggregate  ratio  by  weight,  % 
Fineness  modulus 
Cement  factor,  bags  per  cu  yd 


1-1/2 

35 

2.38 

1».5 


Water-cement  ratio,  by  weight 

0.53 

Water-cement  ratio,  gal/bag 

5.7 

Air  content,  % 

4.1 

Slump,  in. 

2-1/4 

Bleeding,  % 

1.1 

Portland  cement,  type  (No.  25  C-9) 

II 

Air-entraining  admixture  (air-in, 
double  strength)  ml/bag 

29 

Coefficient  of 
thermal  expansion 

3.  Six  3-1/2-  by  4-1/2-  by  l6-in.  prisms  were  fabricated  for 
tests  to  determine  the  linear  coefficient  of  thermal  expansion.  The 
tests  were  conducted  at  the  age  of  90  days  at  a  temperature  range  of  1*0 
to  140  F,  using  Method  CRD-C  39.*^  Each  specimen  was  subjected  to  five 
cycles  of  heating  and  cooling.  Test  results  are  as  follows: 

Linear  Coefficient  of  Thermal  Expansion 
millionths  per  de;.  F 
Specimen  Wo. 

M-4  M-5  M-6  M-10  M-ll  M-12  Avg 

6.71  6.58  6.47  6.43  6.44  6.4o  6.51 

The  average  value  of  6.5  x  10*^  per  deg  F  is  the  value  normally  expected 

for  concrete  of  this  type,  i.e.,  concrete  containing  chert  coarse  aggre¬ 

gate  and  siliceous  sand  fine  aggregate.  Based  on  the  above  test  re¬ 
sults,  a  value  of  coefficient  of  thermal  expansion  of  6.5  x  10“^  per 
deg  F  was  selected  to  correct  data  f**om  strain  meters. 

4.  As  a  check,  the  coefficient  of  thermal  expansion  was  also  de¬ 
termined  on  two  autogenous  length  change  specimens  (6-  by  l6*in.  cylin¬ 
ders  )  with  embedded  Carlson  concrete  strain  meters,  which  were  tested  in 
conjunction  with  creep  tests.  An  average  of  6.7  x  10 per  deg  F  w&t; 
obtained,  which  is  in  good  agreement  with  the  value  obtained  from 
Method  CRD-C  39. 


*  All  CRD-C  test  methods  mentioned  herein  are  presented  in  reference  17 . 
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Volume  change 

5.  Six  3-1/2-  by  U— 1/2—  by  l6-in.  prisms  were  fabricated  for  vol¬ 
ume  (length)  change  tests.  The  specimens  were  measured  at  the  ages  of 
3,  7,  28,  and  90  days  and  approximately  1  year.  Test  Method  CRD-C  25 
and  applicable  portions  of  Method  CRD-C  56  were  used.  Volume  changes  of 
the  specimens  are  listed  below: 

Volume  Change,  percent 


Specimen  (based  on  linear  measurement) 


No. 

3  days 

7  days 

28  days 

90  days 

35.7  days 

M-l 

-0.0150 

-0.0087 

-0.0450 

+0.0063 

-0.0042 

M-2 

♦0.0021 

-0.0063 

-0.0213 

0.0000 

-0.0063 

M-3  : 

-0.0150 

-0.0108 

-0.0492 

♦0.0021 

-0.0087 

M-7  j 

l  -0.0087 

-0.0087 

-0.0213 

-0.0021 

-0.0129 

M-8 

I  -0.0237 

-0.0042 

-0.0408 

-0.0150 

-0.0042 

M-9 

1  -0.0237 

-0.0150 

-0.0279 

-0.0087 

-0.0042 

A  plot  of  volume  change  versus  time  is  shown  in  fig.  Bl.  Test  results 
were  somewhat  erratic  and  showed  no  definite  trend  either  to  increase  or 
decrease  with  time. 
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Fig,  Bl.  Volume  change  of  concrete  versus  time 
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Poisson’s  ratio 

6.  Poisson’s  ratios  of  the  six  prism  specimens  were  determined  at 
the  ages  of  1,  3,  7,  28,  and  90  days  and  approximately  1  year  (at  the 
same  time  that  the  lengths  of  the  specimens  were  measured).  Poisson’s 
ratio  was  calculated  from  Young's  dynamic  modulus  of  elasticity  and  the 
dynamic  modulus  of  rigidity  of  the  specimens,  since  the  value  of 
Poisson’s  ratio  is  believed  to  be  independent  of  the  method  used.  The 
dynamic  (sonic)  method,  as  described  in  CRD-C  18,  was  used  to  determine 
values  of  modulus  of  elasticity  and  modulus  of  rigidity.  Test  results 
are  shown  in  table  Bl.  , 

7*  Values  of  Poisson's  ratio  shown  in  table  Bl  fell  within  the 
range  of  values  that  are  usually  obtained  for  this  type  of  test. 
Fcisson's  ratio  of  concrete  is  generally  considered  to  be  independent  of 
time.  Average  values  obtained  in  the  tests  ranged  from  0.15  for  con¬ 
crete  tested  at  90  days  to  0.21  for  specimens  tested  at  1  day.  The 
variation  in  test  results  may  be  due  to  experimental  error.  A  value  of 
Poisson's  ratio  of  0.18  was  selected  for  use  in  the  analysis  of  data 
from  the  electrical  measuring  devices. 

Modulus  of  elasticity 
and  compressive  strength 

8.  Twelve  6-  by  12-in.  concrete  cylinders  were  fabricated  for 
tea- 8  to  determine  the  static  modulus  of  elasticity  and  compressive 
strength.  Two  specimens  were  tested  at  the  ages  of  1,  3,  7,  28,  and 

90  days  and  approximately  1  year.  The  modulus  of  elasticity  was  deter¬ 
mined  from  the  stress-strain  curves  using  the  secant  method  at  a  strain 
of  300  yin. /in.  Values  of  modulus  of  elasticity  and  compressive 
strength  obtained  in  the  tests  are  shown  in  table  Bl. 

9.  Values  of  compressive  strength  are  plotted  versus  time  in 
fi{T.  B2;  values  of  modulus  of  elasticity  are  plotted  versus  time  in 
fig.  B3.  Values  of  compressive  strength  varied  from  1050  psi  at  1  day 
to  6oi»0  psi  at  approximately  1  year.  As  can  be  seen  in  figs.  B2  and  B3, 
both  the  compressive  strength  and  modulus  of  elasticity  of  specimens 
tested  at  28  days  were  somewhat  low.  The  reason  for  this  is  not  known. 
Also  shown  for  comparison  in  figs.  B2  and  B3  are  the  values  obtained 
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Fig.  B3.  Modulus  of  elasticity  of  concrete  versus  time 


from  tests  on  the  field  cylinders.  These  values  will  be  discussed  later 
in  this  appendix. 

Tensile  strength 

10.  Tensile  splitting  tests  were  performed  on  twelve  6-  by  12-in. 
concrete  cylinders  using  Method  CRD-C  77.  The  tensile  strength  of  two 
cylinders  was  determined  at  ages  of  1,  3,  7»  28,  and  90  days  and  1  year. 
Results  of  the  tests  are  shown  in  table  B1  and  are  plotted  versus  time 
in  fig.  B2.  Results  show  that  the  tensile  strength  also  increased  with 
time,  varying  from  about  160  psi  at  one  day  to  about  600  psi  at  one  year. 
Creep  tests 

11.  Creep  tests  were  performed  using  Method  CRD-C  5^  on  16  con¬ 
crete  cylinders  6  in.  in  diameter  by  16  in.  long  with  embedded  Carlson 
concrete  strain  meters.  Based  on  experience  gained  at  Port  Allen  Lock, 
it  was  decided  that  creep  tests  on  Old  River  Lock  concrete  would  be 
performed  on  saturated  specimens  to  simulate  field  conditions  more 
closely.  Creep  tests  were  also  performed  on  a  few  seeded  specimens  to 
provide  a  comparison  with  Port  Allen  Lock  data.  Creep  tests  were  per¬ 
formed  on  duplicate  saturated  specimens  at  ages  of  1,  3,  7,  28,  and 

90  days  and  1  year.  Tests  were  performed  on  seeded  specimens  at  the 
ages  of  3  and  28  days.  In  genered,  tests  were  conducted  by  applying 
loads  of  200  psi  to  the  specimens  and  measuring  the  unit  length  change 
at  various  intervals  'of  time  by  means  of  the  embedded  stredn  meters. 
Results  were  reported  in  terms  of  unit  length  change  per  psi  as  a  func¬ 
tion  of  time.  After  a  test  was  completed,  a  curve  of  best- fit  was  de¬ 
termined  for  the  test  results,  the  curve  being  in  the  form  of  the 
equation 

e  *  1/E  +  F(K)ln(t  +  l)  (Bl) 

where 

e  =  unit  length  change  per  psi 

1/E  =  elastic  deformation  in  yin. /in. 

F(K)  =  creep  constant 

t  =  time  after  loading  in  days 


B6 


12.  Autogenous  length  change  measurements  were  made  on  two  speci¬ 
mens  similar  to  the  creep  specimens  (6-  by  16-in,  concrete  cylinders). 
One  specimen  was  saturated,  and  the  other  was  sealed.  Measurements  of 
autogenous  length  change  were  made  on  the  same  days  that  creep  measure¬ 
ments  were  made  so  that  creep  data  could  be  corrected  for  autogenous 
length  change.  Length  change  measurements  on  the  saturated  specimen 
were  used  to  correct  creep  data  from  saturated  specimens,  and  length 
change  measurements  from  the  seaied  specimen  were  used  to  correct  creep 
data  from  sealed  specimens. 

13.  Values  of  1/E  and  F(K)  obtained  from  each  creep  test  are 
shown  in  table  B2.  Arrangements  were  made  for  the  University  of  Cali¬ 
fornia  to  conduct  similar  creep  tests  (sealed)  on  concrete  containing 
the  same  materials  as  those  used  at  Old  River  Lock.  The  results  of  this 
independent  series  of  tests  are  given  in  table  B2.  Values  obtained  from 
similar  tests  on  concrete  (sealed)  for  Port  Allen  Lock  are  also  given 
for  comparison.  All  of  these  test  results  are  plotted  versus  time  in 
fig.  B4.  As  can  be  seen  in  fig.  B4,  test  results  for  sealed  specimens 


of  Old  River  Lock  concrete  axe  in  good  agreement  with  test  results  on 
Port  Allen  Lock  concrete  and  also  agree  with  results  of  tests  con¬ 
ducted  by  the  University  of  California.  Values  of  l/E  for  saturated 
specimens  were  slightly  lower  than  those  for  sealed  specimens.  Values 
of  F(K)  were  somewhat  erratic,  and  one  curve  of  best- fit  was  drawn 
for  all  data.  The  equations  for  the  curves  shown  in  fig.  BU  are  as 
follows : 

l/E  =  0.13  +  0.17K  (for  saturated  specimens)  (B2a) 

l/E  =  0.15  +  0.20K^*^'’  (for  sealed  specimens)  (B2b) 

F(K)  =  0.03l*K“0,16  (for  all  specimens)  (B3) 

The  equations  above  were  used  to  compute  stress  in  the  concrete  from 
strain  meter  readings  at  Old  River  Lock. 

Tests  on  Reinforcing  Steel 


14.  A  limited  number  of  laboratory  tests  were  performed  to  de¬ 
velop  tensile  stress-strain  d&ta  and  to  determine  the  modulus  of  elas¬ 
ticity  of  the  reinforcing  steel  vised  in  monolith  '12  of  Old  River  Lock. 
Six  representative  samples  (two  No.  9  bars,  two  No.  10  bars,  and  two 
No.  18  bars)  were  tested.  As  both  Laclede  steel  and  Sheffield  steel 
were  used  in  monolith  12,  one  complete  set  of  specimens  of  Laclede  steel 
was  tested  and  two  specimens  of  Sheffield  steel  (No.  10  bars)  were 
tested  for  comparative  purposes. 

15.  The  steel  was  machined  to  conform  with  ASTM  Designation: 

1Q 

E-8  and  tested  in  accordance  with  ASTM  Methods  A-15  and  E-8.  Values 
of  tensile  strength,  yield  point,  and  elongation  obtained  in  the  tests 
are  given  in  table  B3.  Values  obtained  in  the  modulus  of  elasticity 
tests  are  given  in  table  BU.  Results  of  the  modulus  of  elasticity  tests 
were  fairly  consistent,  with  the  exception  of  those  for  bar  No.  18-L-l. 
The  average  secant  and  chord  moduli  for  bar  18-L-l  were  25.3  *  10^  and 

B8 


/ 


( 


27.1  x  10^  psi,  respectively.  The  average  secant  moduli  for  other 
specimens  ranged  from  28.1  to  29.1  x  10^  psi.  The  average  chord  moduli 
ranged  from  28.2  to  28.8  x  10^  psi.  In  analyzing  data  from  electrical 
measurement  devices  in  the  structure,  a  value  of  28.6  x  10^  psi  was 
selected  for  the  modulus  of  elasticity  of  reinforcing  steel. 

Tests  of  Concrete  Cylinders 

Concrete  Design 

16.  Concrete  for  the  base  slab  and  walls  of  Old  River  Lock  was 
designed  for  a  28-day  compressive  strength  (f^)  of  3000  psi.  Materials 
used  in  the  concrete  for  monolith  12  were  as  follows: 

a.  Type  II  portland  cement  purchased  from  the  Ideal  Cement 
Company ,  Baton  Rouge,  La. 

b.  Fine  aggregate  purchased  from  the  Central  Sand  and  Gravel 
Company  and  obtained  from  Paradise  Pit,  Grand  Parish,  La. 

£.  Coarse  aggregate  (l-l/2-in.  maximum  size),  a  chert  gravel 
purchased  from  Big  Rock  Pit,  Grand  Parish,  La. 

d.  Coarse  aggregate  (3A-in.  maximum  size),  a  chert  gravel 
purchased  from  Gifford  Hill  and  Company,  Turkey  Creek,  La. 

£.  An  air-entraining  admixture.  Air-in,  purchased  from  the 
Hunt  Process  Company,  Ridgeland,  Miss. 


The  maximum  size  of  coarse  aggregate  used  in  monolith  12  was  1-1/2  in. 
The  specified  gradation  of  aggregate  was  as  follows: 


Fine 


;ate 


Coarse  Aggregate 


Sieve 

%  Passing 
Size  by  Weight 

Sieve  Size 

No.  4  to 
3/4  in. 

3/4  in.  to 
1-1/2  in. 

No. 

4 

100 

2  in. 

100 

No. 

8 

80-90 

1-1/2  in. 

100 

90-100 

No. 

16 

55-80 

1  in. 

90-100 

20-45 

No. 

30 

30-60 

3 A  in. 

90-100 

0-10 

No. 

50 

12-30 

3/8  in. 

30-55 

0-5 

No. 

100 

3-10 

No.  4 

0-5 

_ 

The  basic  design  for  concrete  in  monolith  12  is  described  in  paragraph  2. 
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Slight  adjustments  were  made  to  the  water-cement  ratio  in  the  field,  as 
shown  in  table  B5.  The  design  mixture  for  concrete  in  monolith  12  dif¬ 
fered  from  that  used  in  the  remainder  of  the  lock  in  that  a  cement  fac¬ 
tor  of  U.O  bags  per  cu  yd  was  used  for  all  base  slab  construction  out¬ 
side  of  monolith  12.  It  was  decided  to  use  a  uniform  cement  factor  of 
4. 5  bags  per  cu  yd  throughout  monolith  12  to  facilitate  interpretation 
of  the  data  from  instruments  in  this  monolith. 

Sample  preparation 

17.  Two  sets  of  concrete  cylinders  were  obtained  from  each  lift 
of  concrete  in  the  base  slab  of  monolith  12  and  from  every  other  lift  of 
the  walls,  except  the  fifth  wall  lift,  from  which  only  one  set  of  cyl¬ 
inders  was  obtained.  Each  set  of  cylinders  consisted  of  six  6-  by  12-in. 
standard  test  cylinders.  Information  pertinent  to  the  concrete  in  each 
set  of  cylinders  was  recorded  at  the  structure  site.  This  information, 
summarized  in  table  B5,  included  air  content,  slump,  cement  factor,  and 
water-cement  ratio. 

18.  During  placement  of  the  seventh  wall  lift  of  concrete,  it  was 
noted  that  the  concrete  was  setting  up  prematurely  in  the  concrete  buck¬ 
ets  while  being  transported  from  the  batch  plant  to  the  Jobsite.  In 
order  to  remove  the  concrete  from  the  buckets,  additional  water  had  to 
be  placed  in  the  concrete;  consequently,  the  true  water-cement  ratio  of 
the  concrete  in  the  seventh  wall  lift  is  not  known.  Because  of  this 
difficulty,  concrete  cylinders  were  also  obtained  from  concrete  placed 
in  the  eighth  wall  lift. 

Laboratory  tests 

19.  Compressive  strength  and  modulus  of  elasticity.  Compressive 
strength  and  modulus  of  elasticity  were  determined  for  each  concrete 
cylinder.  The  locations  of  cylinders  are  given  in  table  B5.  In  each 
set  of  six  cylinders,  three  were  tested  at  the  age  of  7  days  and  the 
other  three  at  28  days. 

20.  Results  of  the  compressive  strength  and  modulus  of  elasticity 
determinations  are  given  in  table  B5,.  Results  of  the  7-day  compressive 
strength  tests  for  the  entire  monolith  ranged  from  1980  to  2980  psi, 
with  an  average  of  2420  psi  and  a  standard  deviation  of  327  psi. 


BIO 


~  —W 


Results  of  the  28-day  compressive  strength  tests  ranged. from  3610  to 
U98O  psi,  with  an  average  of  1*170  psi  and  a  standard  deviation  of 
382  psi. 

21.  As  shown  in  table  B5,  the  compressive  strength  and  modulus  of 
elasticity  of  concrete  in  the  base  slab  are  somewhat  lower  than  those  in 
the  walls.  The  reason  for  this  difference  is  not  known.  The  difference 
may  be  due  to  the  variation  in  strength-producing  characteristics  of 
different  shipments  of  cement  or  the  variation  in  temperature  at  which 
the  concrete  was  made.  Concrete  made  in  cool  weather,  if  cured  properly, 
generally  will  show  higher  strength  than  concrete  made  in  hot  weather. 

The  28-day  compressive  strengths  for  both  the  walls  and  base  slab  were 
well  above  the  28-day  compressive  strength  (f£  *  3000  psi)  assumed  for 
design. 

22.  The  purpose  of  obtaining  concrete  field  cylinders  was  to  per¬ 
mit  a  comparison  of  the  concrete  in  which  the  electrical  measurement  de¬ 
vices  were  installed  with  the  concrete  used  in  the  laboratory  testing 
program  previously  described.  A  comparison  of  average  values  of  modulus 
of  elasticity  and  compressive  strength  of  concrete  field  cylinders  and 
concrete  used  in  the  laboratory  program  is  given  below: 

Modulus  of 


Compressive  Elasticity 

Strength,  psi  10°  psi 


7  days 

28  days 

7  days 

28  days 

Concrete  in  base  slab 

2180 

1*000 

3-73 

5.22 

Concrete  in  walls 
(3d  ard  5th  lifts) 

2810 

1*720 

1*.62 

5.88 

Laboratory  specimens 

2890 

37l*0 

1*.60 

l*.62 
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Only  data  for  cylinders  from  the  third  and  fifth  wall  lifts  are  shown 
for  the  concrete  in  the  lock  walls  for  the  following  reasons:  (a)  elec¬ 
trical  measurement  devices  were  installed  only  in  wall  lifts  one  through 
five,  and  (b)  cylinders  from  the  first  wall  lift  are  not  considered  to 
be  representative  of  concrete  placed  in  that  lift,  as  the  water-cement 
ratio  (0.5^)  of  the  batch  from  which  the  cylinders  were  taken  was  some- 
vhat  greater  than  the  average  water-cement  ratio  (0.50)  of  all  concrete 
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placed  in  the  lift.  A  comparison  of  values  of  modulus  of  elasticity  and 
compressive  strength  of  field  cylinders  and  laboratory  cylinders  is  also 
shown  in  figs.  B1  and  B2.  As  shown  in  figs.  B1  and  B2,  values  from 
field  cylinders  from  the  structure  as  a  whole  cure  in  reasonably  close 
agreement  with  those  determined  from  laboratory  cylinders.  On  the  basis 
of  the  tests  described  above,  it  is  concluded  that  the  concrete  used  in 
the  structure  was  essentially  the  same  as  the  concrete  used  for  the  pro¬ 
gram  of  laboratoxy  tests  to  establish  specific  properties  of  concrete; 
therefore,  these  properties  can  be  applied  with  confidence  to  the  in- 
place  concrete. 

23.  Density.  The  densities  of  all  concrete  cylinders  were  deter¬ 
mined  to  establish  a  proper  value  to  use  in  the  analytical  studies. 
Density  determinations  were  made  prior  to  conducting  other  tests.  The 
densities  were  computed  from  the  bulk  specific  gravity  determined  in  ac¬ 
cordance  with  Method  CRD-C  23.  The  densities  determined  are  shown  in 
table  B5  and  indicate  an  average  value  of  IU5.5  lb/cu  ft.  In  the  ana¬ 
lytical  studies,  a  value  of  lU6  lb/cu  ft  was  selected  for  the  concrete 
throughout  monolith  12.  Adjustments  in  density  were  made  where  neces¬ 
sary  to  account  for  the  presence  of  steel  in  the  concrete.  v 

Tests  on  Backfill  Material 


Description  of  sand  backfill 

2U.  A  wedge-shaped  section  of  sand  backfill  was  placed  behind  the 
lock  walls  to  provide  free  drainage  behind  the  walls  and  to  provide  lat¬ 
eral  support  for  the  walls  during  period  when  high  water  is  in  the  lock. 
A  5-ft-thi ck  layer  of  clay  was  placed  on  the  bottom  of  the  excavation 
between  the  outside. edge  of  the  lock  walls  and  the  upper  impervious 
foundation  strata  to  prevent  unrestricted  seepage  from  entering  the 
backfill  from  the  foundation  sand,  A  3-ft-thick  layer  of  clay  was 
placed  on  the  top  of  the  backfill  to  prevent  surface  waters  from  enter¬ 
ing  the  sand  backfill.  Initially  it  was  planned  for  the  remainder  of 
the  backfill  to  consist  of  random  materials  (silty  sand,  sandy  silt, 
silt,  and  lean  clay)  obtained  from  the  stockpile  of  excavated  materials. 
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However,  in  accordance  with  an  agreement  between  the  contractor  and  the 
contracting  officer,  sand  dredged  from  a  sandbar  in  Old  River  was  used 
in  the  random-fill  area. 

25.  Specifications  for  materials  for  the  sand  wedge  behind  the 
walls  required  that  the  sand  be  clean  and  free  draining,  contain  not 

more  than  10  percent  of  materials  passing  the  No.  100  sieve,  and  have  a 

— U 

permeability  greater  than  100  x  10  cm  per  sec.  Material  for  the  clay 
blankets  was  specified  to  consist  of  approved  clays  having  a  liquid 
limit  of  not  less  than  1»0. 

Backfill  placement  and  compaction 

26.  Backfill  placement.  Sand  backfill  placed  below  about  el  +8 
was  brought  in  by  hauling  equipment  from  spoil  banks  of  material  from 
the  structure  excavation.  Backfill  placed  above  el  +8  was  dredged  di¬ 
rectly  into  the  excavation  area  from  a  sandbar  in  Old  River.  Before  the 
dredged  sand  was  placed,  a  small  dike  of  sand,  3  to  5  ft  high,  was  con¬ 
structed  along  the  entire  length  of  the  lock  and  about  halfway  between 
the  lock  wall  and  the  excavation  slope.  The  space  between  the  dike  and 
the  excavation  slope  was  filled  with  dredged  material,  the  effluent 
being  carried  along  the  length  of  the  dike  into  sumps  near  the  down¬ 
stream  end  of  the  lock.  After  sufficient  sand  had  been  placed,  the 
dredge  discharge  pipes  were  removed  and  the  sand  was  spread  between  the 
dike  and  lock  wall.  This  procedure  was  repeated  with  the  dredge  pipe  at 
successively  higher  elevations. 

27.  Material  for  the  clay  blanket  was  obtained  from  a  stockpile 
of  material  from  structure  excavation.  The  clay  was  brought  in  by  haul¬ 
ing  equipment  and  compacted  as  described  in  paragraph  29. 

28.  Compaction.  Sand  backfill  obtained  from  the  stockpile  was 
placed  in  8- in. -thick  layers,  saturated  by  flooding,  and  then  compacted 
by  either  two  passes  of  a  tractor,  usually  a  D8  with  blade,  or  at  least 
two  passes  of  a  vibrating  roller  (a  Tempo  Model  VC  80  pulled  by  a  rubber- 
tired  tractor).  Sand  backfill  dredged  from  the  sandbar  was  spread  in 
8-in. -thick  layers  and  compacted  with  the  vibrating  roller  only.  Back¬ 
fill  within  2  ft  of  the  walls  was  placed  in  8-in. -thick  layers  and  com¬ 
pacted  with  a  power  tamper,  usually  a  Chicago  pneumatic  backfill  tamper. 
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Backfill  adjacent  to  soil  stress  meters  in  the  vails  was  placed  in 
4-in. -thick  layers  and  compacted  by  hand. 

29.  Materials  for  the  clay  blanket  vere  placed  in  8-in. -thick 
layers  and  compacted  with  at  least  six  passes  of  a  tamping  rbller  pulled 
by  a  D8  tractor.  Material  placed  within  2  ft  of  the  vail  was  placed  in 
4-in. -thick  layers  and  compacted  with  power  tampers. 

30.  Evaluation  of  vibrating  roller.  Specifications  required  that 
the  sand  backfill  be  compacted  in  8-in. -thick  lifts  by  two  passes  of  a 
tractor.  However,  at  the  beginning  of  backfilling  operations,  the  con¬ 
tractor  expressed  a  desire  to  use  a  vibrating  roller  pulled  by  a  rubber- 
tired  tractor  in  order  to  avoid  severe  wear  of  the  tractor  treads  re¬ 
sulting  from  compacting  the  sand.  The  contractor  vas  allowed  to  do  so 
under  the  conditions  that  (a)  the  vibrating  roller  produced  the  desired 
compaction,  and  (b)  the  roller  would  not  have  any  adverse  effect  on  the 
electrical  instruments  embedded  in  the  walls  of  the  lock.  To  determine 
if  the  vibrating  roller  produced  the  required  compaction,  about  12 
control  density  tests  were  made  on  each  side  of  the  lock  for  comparing 
the  density  of  backfill  compacted  vith  the  tractor  with  the  density  of 
backfill  compacted  vith  the  vibrating  roller.  The  samples  vere  taken 
vith  a  standard  3-in.  drive  cylinder.  Results  of  the  tests  indicated 
average  densities  of  102  lb/cu  ft  for  sands  compacted  with  the  tractor 
and  106  lb/cu  ft  for  sands  compacted  with  the  vibrating  roller.  Based 
on  the  test  results,  it  was  considered  that  the  vibrating  roller  was 
more  than  adequate  in  achieving  the  desired  compaction. 

31.  To  determine  whether  the  vibrating  roller  had  any  adverse  ef¬ 
fect  on  the  electrical  instruments  embedded  in  the  walls  of  the  lock, 
two  series  of  tests  were  performed.  One  series  was  performed  with  the 
backfill  about  1.5  ft  above  meter  S-12  and  one  series  vith  the  backfill 
about  3  ft  above  the  meter.  The  vibrating  roller  was  operated  at  vari¬ 
ous  frequencies  and  at  various  distances  from  the  wall,  and  the  dynamic 
pressures  exerted  on  the  wall  were  measured  with  meter  S-12.  Results  of 
the  tests  are  shown  in  fig.  B5.  With  the  roller  operating  at  a  distance 
of  3  ft  from  the  wall,  the  maximum  observed  dynamic  pressure  acting  on 
the  wall  was  about  3  psi.  The  dynamic  pressure  decreased  rapidly  when 
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the  distance  from  the  roller 
to  the  wall  was  increased. 

The  vibrating  roller  was  op¬ 
erated  at  frequencies  of 
1000  to  1700  vibrations  per 
min  during  the  test;  the 
roller  was  normally  operated 
at  a  frequency  of  1000  vibra¬ 
tions  per  min.  On  the  basis 
of  the  test  results,  it  was 
decided  that  the  vibrating 
roller  would  not  have  any 
adverse  effect  on  the  opera¬ 
tion  of  meters  in  the  walls 
of  the  lock,  provided  the 
roller  was  not  operated 
within  3  ft  of  the  meters. 
During  subsequent  opera¬ 
tions,  the  vibrating  roller 
was  not  used  within  3  ft  of 
the  wall. 

Samples  obtained 

32.  During  construc¬ 
tion,  in-place  density  de¬ 
terminations  were  made  of 
tne  sand  wedge  behind  the 
walls  of  monoliths  2,  12, 
and  24.  Locations  from 
which  these  record  samples 
were  taken  are  shown  in 
fig.  B6.  Before  a  sample 
was  taken,  a  hole  about  1  to 
l-l/2  ft  deep  was  dug.  A 
sample  was  taken  from  the 


Fig.  B5.  Dynamic  pressure  produced 
by  vibrating  roller 


/ 

1 


. 

■ 

5 


1 

!• 


1 


B15 


bottom  of  the  hole  with  a  standard  3-in.  drive  cylinder.  The  density 
and  water  content  of  the  sample  were  determined  in  the  field  laboratory, 
and  the  results  are  shown  in  table  B6.  Representative  material  adjacent 
to  the  density  sample  was  taken  for  grain-sice  analysis  by  WES. 

33.  Additional  control  density  testa  were  also  conducted  to  de¬ 
termine  the  amount  of  compaction  achieved  by  the  vibrating  roller,  as 
discussed  in  paragraph  30,  and  tc  compare  the  values  of  density  obtained 
with  a  drive  cylinder  with  the  values  of  density  obtained  with  a  Volumea- 
sure,  as  discussed  subsequently.  In  addition  to  the  samples  mentioned 
above,  representative  samples  of  the  sand  backfill  were  obtained  for 
various  tests  conducted  by  WES  and  the  New  Orleans  District  (NOD)  soils 
laboratories. 

Laboratory  tests 

3b.  Grain-size  curves.  Grain-size  analyses  of  all  record  samples 
were  performed  in  the  WES  soils  laboratory,  and  the  results  are  shown  in 
fig.  B7.  The  grain-size  curves  indicated  that  the  materials  obtained 
from  the  sandbar  were  essentially  the  same  as  those  obtained  from  the 
stockpile  of  materials  from  structure  excavation.  As  can  be  seen  in 
fig.  B7,  all  grain-size  curves  fell  within  a  narrow  range,  indicating  a 
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Fig,  B7.  Grain-size  curves  of  density  samples 
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relatively  homogeneous  backfill.  Values  of  D  size  varied  from  0.10  to 
0.18  mm,  with  an  average  value  of  O.lfc  mm.  Values  of  DCft  size  varied 

A  50 

from  0.18  to  0.30  mm,  with  an  average  value  of  0.25  ran. 

35.  Density  determinations.  Density  determinations  on  record 
samples  of  sand  backfill  were  made  by  the  field  laboratory,  and  results 
are  shown  in  table  B6.  Density  values  versus  elevation  are  plotted  in 


fig.  B8.  The  densities  varied  from 
of  103  lb/cu  ft. 


Fig.  B8.  Density 


9^  to  110  lb/cu  ft,  with  an  average 
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versus  elevation 


36.  During  the  course  of  construction,  some  of  the  record  samples 
indicated  densities  somewhat  less  than  the  recommended  minimum  value  of 
103  lb/cu  ft  (paragraph  37) »  although  the  sand  appeared  to  be  well  com¬ 
pacted.  For  that  reason,  an  investigation  was  made  to  determine  the  ac¬ 
curacy  of  the  densities  determined  with  the  drive  cylinder  by  comparing 
these  values  with  values  of  densities  determined  with  a  Soil  Test  Volu- 
measure  (water  balloon).  Six  initial  tests  were  made  using  each  of  the 
methods.  The  average  densities  as  determined  using  the  Volumeasure  and 
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the  drive  cylinder  were  105.3  and  100.5  Ib/cu  ft,  respectively.  During 
the  investigation,  the  following  observations  were  made.  In  the  Volu- 
measure  method  of  density  determinations,  the  hole  left  in  the  sand  ap¬ 
peared  to  be  quite  stable,  with  no  signs  of  creep  or  fluffing.  However, 
when  the  drive  cylinder  was  driven  in  the  soil,  considerable  disturbance 
was  evident,  i.e.  the  sand  around  the  cylinder  tended  to  crate k  and.  dis¬ 
place.  On  the  basis  of  these  observations,  it  was  determined  that  the 
density  values  obtained  with  the  Volumeasure  were  more  realistic  than 
values  obtained  with  the  drive  cylinder.  As  most  of  the  backfill  was  in 
place  at  the  time  the  investigation  was  made,  it  was  decided  that  the 
remainder  of  the  record  samples  would  be  taken  with  the  drive  cylinder 
and  that  periodic  checks  would  be  made  with  the  Volumeasure  to  provide  a 
correlation  that  could  be  applied  to  the  previous  density  determinations. 
Subsequently,  17  additional  comparative  tests  were  made.  Results  of  all 
comparative  tests  are  given  in  table  B7  and  plotted  in  fig.  B9.  Results 
of  these  tests  showed  an  average  difference  in  density  of  5.4  lb/cu  ft, 
with  densities  obtained  with  the  Volumeasure  being  higher  than  those 
obtained  with  the  drive  cylinder.  Consequently,  the  average  values  of 
the  densities  determined  with  the  drive  cylinder  (shown  in  table  B6) 
were  corrected  by  a  value  of  5.4  lb/cu  ft.  The  corrected  densities 
were  used  in  subsequent  calculations-.  It ^ should  be  noted,  however, 
that  the  densities  shown  in  £i£,.'B8-.  are  ’uncorrected  values. 

37.  Compaction  tests  an<^  maximum  and  minimum  density  determina¬ 
tions  .  At  the  beginning  of  backfilling  operations,  a  standard  Proctor 
compaction  test  was  conducted  and  maximum  and  minimum  density  determina¬ 
tions  were  made  on  representative  samples  of  backfill  obtained  from  the 
stockpile  of  excavated  materials.  The  compaction  test  indicated  a  maxi¬ 
mum  density  of  105  lb/cu  ft  at  an  optimum  water  content  of  l4  percent. 
The  maximum  and  minimum  densities  of  the  materials  were  111.8  and 
81.8  lb/cu  ft,  respectively.  It  was  initially  decided  that  backfill 
should  be  placed  at  a  relative  density  of  60  percent,  which  was  equiva¬ 
lent  to  a  density  of  103  lb/cu  ft.  A  dry  density  of  103  lb/cu  ft  was 
used  as  the  minumum  for  compaction  control.  Subsequently,  a  question 
arose  as  to  whether  the  density  of  the  sand  was  affected  by  difference 
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Fig.  B9.  Comparison  of  densities  obtained  using  drive  cylinder  and 

Volumeasure  methods 
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in  gradation.  Four  samples  representing  different  gradations  of  the 
backfill  were  taken  by  NOD,  and  compaction  and  gradation  curves  w^re  de¬ 
termined  for  each  of  the  samples.  Results  of  the  compaction  tests  are 
shown  in  table  B8;  compaction  and  grain-size  curves  are  shown  in  fig  BIO. 

38.  During  the  second  stage  of  backfilling  operations,  when  sand 
was  dredged  directly  into  the  excavation  from  a  sandbar,  two  samples  of 
the  backfill  material  were  sent  to  WES  for  compaction  tests  and  maximum 
and  minimum  density  determinations.  One  of  the  samples  represented  the 
coarser  sands  in  the  backfill,  and  the  other  represented  the  finer  sands. 

3 9.  Results  of  all  laboratory  compaction  tests  and  maximum  and 
minimum  density  determinations  are  given  in  table  B8.  Compaction  and 
gradation  curves  are  shown  in  fig.  BIO.  From  the  results  of  these  tests, 
it  was  concluded  that  materials  dredged  from  the  sandbar  were  essen¬ 
tially  the  same  as  backfill  materials  obtained  from  the  stockpile. 

Uo.  In  order  to  determine  the  relative  density  and  percent  com¬ 
paction  of  the  record  samples,  a  correlation  was  made  of  D^Q  sizes  and 
the  minimum  densities,  maximum  densities,  and  maximum  standard  Proctor 
densities  of  samples  tested  in  the  laboratories,  as  shown  in  fig.  Bll. 

As  indicated  in  fig.  Bll,  the  standard  Proctor  maximum  density  was  con¬ 
sidered  to  be  equivalent  to  a  relative  density  of  about  62  percent.  The 
values  of  the  relative  density  and  percent  compaction  of  all  record  sam¬ 
ples,  as  estimated  from  fig.  Bll,  are  shown  in  table  B6.  As  previously 
mentioned,  it  was  considered  that  in-place  densities  determined  with  the 
drive  cylinder  were  probably  lower  than  the  true  values.  The  average 
values  of  density  for  the  record  samples  were  corrected  as  discussed  in 
paragraph  36,  and  the  corrected  values  of  density  and  corresponding  per¬ 
cent  compaction  and  relative  density  are  shown  in  table  B6. 

1*1.  Permeability  tests.  Permeability  tests  were  performed  by  NOD 
on  two  samples  of  backfill  obtained  from  the  sandbar;  one  sample  repre¬ 
sented  the  coarser  sand  in  the  backfill,  and  the  other  sample  repre¬ 
sented  the  fine  sand.  The  coefficient  of  permeability  of  the  samples  of 

coarser  sand  (Dqn  =  0.27)  was  213  *  lO"**  cm  per  sec;  the  coefficient  of 

-U 

permeability  of  the  samples  of  finer  sand  (Dert  =  0.20)  was  130  x  10  cm 

50 

per  sec.  Both  of  the  values  are  greater  than  the  specified  minimum 
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Fig.  BIO.  Laboratory  compaction  data 
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coefficient  of  permeability,  i.e., 

-H 

100  x  10  cm  per  sec. 

1*2.  Shear  strength  tests. 

Consolidated-drained  tri axial  com¬ 
pression  tests  were  performed  by- 
WES  on  a  sack  sample  that  was  rep¬ 
resentative  of  backfill  material 
obtained  from  the  sandbar.  Since 
gradation  curves  indicated  that 
the  sand  from  the  sandbar  was  es¬ 
sentially  the  same  as  that  from 
the  stockpile  of  excavated  mate¬ 
rial,  it  was  considered  that  the 
results  of  the  shear  strength  tests  would  be  representative  of  the  shear 
strength  of  all  sand  backfill  materials. 

1*3.  Specimens  for  the  shear  strength  tests  were  prepared  at  dry 
densities  of  97,  103,  and  108  lb/cu  ft.  The  specimens,  which  were 
2.8  in.  in  diameter,  were  saturated  under  a  low  confining  pressure  by 
allowing  the  water  to  enter  under  a  low  head  and  were  then  tested  under 
a  drained  condition.  Stress-strain  curves  and  Mohr's  envelopes  for  each 
test  are  shown  in  fig.  B12.  The  shear  strengths  ranged  from  0  =  36  deg 
for  a  dry  density  of  97.0  lb/cu  ft  to  0  =  1*0  deg  for  a  dry  density  of 
107.6  lb/cu  ft. 

Shear  strength  of  s»uid  backfill 

1*1*.  Shear  strength  (angle  of  internal  friction)  versus  relative 
density  is  plotted  in  fig.  B13.  The  shear  strengths  for  all  record  sam¬ 
ples  were  estimated  from  this  plot,  and  the  results  are  shown  in 
table  B6.  The  estimated  shear  strengths  varied  from  0  *  35.3  deg  to 
0  *  1*3.7  deg,  with  an  average  of  l  -  38.5  deg.  The  values  of  strength 
were  estimated  from  the  densities  determined  from  drive  samples.  The 
average  values  of  densities  were  corrected  as  previously  discussed  and 
are  shown  in  table  B6,  The  average  value  of  shear  strength  correspond¬ 
ing  to  the  corrected  values  of  density  was  1*1.8  deg.  In  computations 


Fig.  Bll.  Correlation  of  D_Q  size 
and  density 
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AXIAL  STRAIN  IN  FCRCfNT 


NORMAL  STRESS  IN  T/SQ  FT 


Fig.  B13.  Shear  strength  versus 
relative  density 

involved  in  analysis  of  data  from  the  instrumentation  program,  a  shear 
strength  of  0  =  1*0.0  deg  was  selected  for  sand  backfill  behind  the 
walls. 
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Results  of  Laboratory  Strength  Tests  on  Concrete 


For  dynamic  tests,  E  denotes  dynamic  modulus  of  elasticity  in  10“  psi;  G  denotes  dynamic  modulus  of 
rigidity  in  106  psi;  and  n  denotes  dynamic  Poisson’s  ratio. 


Table  B2 


Results  of  Laboratory  Creep  Tests 


Age  of 

l/E  in  millionths 

F(K)  in  millionths 

Concrete 

Old  River 

Port 

Old  River 

Port 

at  Time 

Concrete 

Allen 

Concrete 

Allen 

of  Loading 
days 

Load 

ML 

University 
WES*  of  Calif.** 

Concrete 

WES** 

University 
WES*  of  Calif.** 

Concrete 

WES** 

Sealed  Specimens 


1 

200 

— 

— 

0.60 

— 

— 

0.057 

3 

200 

0.23 

_  - 

0.038 

0.24 

— 

-- 

0.034 

— 

-- 

7 

200 

-- 

0.23 

0.18 

— 

0.036 

0.025 

28 

200 

0.17 

0.16 

0.17 

0.029 

0.020 

0.016 

0.17 

— 

— 

0.019 

— 

-- 

90 

200 

-- 

— 

0.14 

-- 

— 

0.010 

90 

400 

-- 

— 

0.14 

-- 

-- 

0.019 

90 

600 

-- 

-- 

0.15 

-- 

-- 

0.014 

Saturated  Specimens 

1 

200 

0.26 

__ 

•  • 

0.027 

_ 

0.26 

— 

— 

0.027 

-- 

-- 

3 

200 

0.19 

-- 

-- 

0.025 

-- 

— 

0.20 

mm  mm 

— 

0.025 

-- 

— 

7 

200 

0.17 

-- 

•  •• 

0.025 

-- 

<*  m 

0.17 

— 

— 

0.027 

— 

-- 

28 

200 

0.14 

— 

0.019 

-- 

.. 

0.15 

— 

— 

0.018 

— 

— 

90 

200 

0.13 

-- 

-- 

0.015 

0.14 

— 

— 

0.021 

-- 

-- 

360 

200 

0.13 

-- 

-- 

0.016 

-  - 

-- 

0.13 

-- 

— 

0.012 

-- 

-- 

*  Functions  were  computed  independently  for  each  of  two  specimens. 

**  Functions  were  computed  using  combined  data  on  duplicate  specimens. 
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First  nujniber  refers  to  bar  size;  letter  refers  to  source  (L  for  Laclede,  S  for  Sheffield). 
As  specified  in  ASTM  Designation:  E  8-57T,  a  length  of  four  diameters. 

Elongation  measured  over  full  turned  section  of  8  in. 

Bar  18-L-2  did  not  fracture  but  pulled  out  of  chuck. 


Table  B4 


Modulus  of  Elasticity  Determinations  for  Reinforcing  Bars 


Total 

Stress 

Modulus* 

Load,  lb 

psi 

Secant 

Chord 

Bar  No.  9-L-l 

5,000 

6,365 

28.7 

28.7 

10,000 

12,730 

28.7 

28.7 

15,000 

19,100 

29.1 

30.0 

20,000 

25,465 

29.3 

29.7 

25,000 

31,830 

29.3 

29.5 

30,000 

38,195 

29.1 

28.3 

35,000 

44,560 

28.8 

26.7 

40,000 

50,930 

28.4 

26.0 

Avg 

28.9 

28.4 

Bar  No.  10-L-l 

5,000 

5,030 

26.2 

26.2 

10,000 

10,060 

27.8 

29.6 

15,000 

15,090 

28.3 

29.2 

20,000 

20,120 

28.6 

29.6 

25,000 

25,150 

28.7 

29.2 

30,000 

30,180 

28.7 

28.7 

35,000 

35,210 

28.3 

26.2 

40,000 

40,240 

28.2 

27.2 

45,000 

45,270 

28.1 

27.6 

Avg 

28.1 

28.2 

Bar  No.  10- 

•S-l 

5,000 

5,165 

28.7 

28.7 

10,000 

10,335 

30.4 

32.3 

15,000 

15,500 

30.1 

29.5 

20,000 

20,670 

29.5 

27.9 

25,000 

25,835 

28.6 

25.6 

30,000 

31,000 

28.9 

30.4 

35,000 

36,170 

28.4 

25.8 

40,000 

41,340 

28.5 

28.7 

45,000 

46,505 

Avg 

29.I 

28.6 

Bar  No.  18- 

L-l 

20,000 

6,435 

25.5 

25.5 

40,000 

12,875 

24.1 

22.8 

60,000 

19,310 

24.3 

24.6 

80,000 

25,745 

25.1 

28.2 

100,000 

32,180 

26.1 

30.9 

120,000 

38  .,620 

26.8 

30.7 

Avg 

25.3 

27.1 

Total 

Stress 

Modulus* 

Load,  lb 

psi 

Secant  Chord 

Bar  No.  9-L-2 


5,000 

6,365 

28.3 

28.3 

10,000 

12,730 

29.4 

30.6 

15,000 

19,100 

29.2 

28.9 

20,000 

25,465 

29.2 

28.9 

25,000 

31,830 

29.3 

30.0 

30,000 

38,195' 

29.2 

28.3 

35,000 

44,560 

28.8 

26.7 

40,000 

50,930 

28.2 

25.0 

Avg 

29.0 

28.3 

Bar  No.  10-L-2 

5,000 

5,165 

28.4 

28.4 

10,000 

10,335 

28.9 

29.5 

15,000 

15,500 

28.8 

28.4 

20,000 

20,670 

28.8 

29.O 

25,000 

25,835 

29.I 

30.4 

30,000 

31,000 

29.0 

28.4 

35,000 

36,170 

28.7 

27.2 

40,000 

41,340 

28.7 

28.7 

Avg 

28.8 

28.8 

Bar  No.  10- 

•S-2 

5,000 

5,030 

29.2 

29.2 

10,000 

10,060 

29.4 

29.6 

15,000 

15,090 

29.6 

29.9 

20,000 

20,120 

29.1 

27.6 

25,000 

25,150 

29.2 

29.9 

30,000 

30,180 

29.4 

30.5 

35,000 

35,210 

29.0 

26.8 

40,000 

40,240 

28.4 

24.9 

45,000 

45,270 

28.6 

29.6 

Avg 

29.1 

28.7 

Bar  No.  18- 

L-2 

20,000 

6,435 

28.6 

28.6 

40,000 

12,875 

28.9 

29.3 

60,000 

19,310 

28.8 

28.6 

80,000 

25,745 

28.1 

26.3 

100,000 

32,180 

28.3 

29.0 

Avg 

28.5 

28.4 

*  Modulus  of  elasticity  in  10°  psi. 
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Table  Bo 

Results  of  Tests  on  Sand  Backfill  Samples 


In  Place  Esti- 

Water  mated 


Distance  Eleva- 

10 

50 

Con¬ 

Percent 

Relative 

Shear 

Sample 

from 

tion 

Size 

Size 

7d 

tent 

Com¬ 

Density 

Strength 

No. 

Station 

Wall, 

ft  ft  msl 

mm 

mm 

lb/cu  ft 

% 

paction 

i 

$  ,  deg 

Monolith  ! 

5,  North  Side  of 

Lock 

N-l 

103+00 

17 

-9-2 

O.ll* 

0.2 6 

105.7 

.. 

102 

77 

39-5 

N-2 

103+00 

3? 

-9.2 

— 

-- 

103.7 

— 

— 

— 

— 

N-J 

103+30 

10 

0.0 

0.16 

0.30 

102.6 

-- 

99 

55 

37-3 

N-l* 

103+30 

20 

0.0 

0.12 

0.23 

106.3 

— 

10b 

83 

bo. 3 

N-5 

103+30 

10 

10.0 

0.12 

0.22 

96.8 

19.4 

95 

28 

36.0 

U-6 

103+30 

20 

10.0 

0.11 

0.21 

103.1 

18.2 

101 

70 

38.5 

N-7 

103+30 

10 

20.0 

O.lh 

0.25 

100.5 

— 

98 

b7 

36.8 

N-8 

103+30 

20 

20.0 

0.11 

0.2b 

103.8 

— 

101 

68 

38.5 

N-9 

103+30 

10 

30.0 

O.ll* 

0.26 

103.8 

19.2 

100 

66 

38.3 

N-10 

103+30 

20 

30.0 

O.ll* 

0.2U 

100.2 

16.7 

98 

b6 

36.8 

Average 

102.6 

100 

59 

38.0 

Corrected  Average* 

108.0 

105 

89 

bl.2 

Jfonolith  2.  South  Side  of  Lock 

S-l 

103+00 

10 

-10.0 

0.16 

0.27 

109.2 

106 

96 

b2.5 

S-2 

103+00 

20 

-10.0 

0.12 

0.2b 

109.1 

— 

106 

98 

b2.8 

S-3 

103+30 

10 

0.0 

0.18 

0.27 

10b.  8 

— 

101 

71 

38.7 

S-l* 

103+30 

20 

0.0 

0.15 

0.27 

102.5 

— 

99 

57 

37.5 

S-5 

103+30 

10 

10.0 

0.16 

0.27 

9b.  b 

12. b 

91 

3 

35.3 

8-6 

103+30 

20 

10.0 

0.16 

0.27 

9b. 5 

10.1 

91 

b 

35.3 

S-7 

103+30 

10 

20.0 

’7 

0.27 

101.6 

18.5 

98 

51 

37.2 

S-8 

103+30 

20 

20.0 

-.8 

0.25 

101.0 

I6.9 

98 

51 

37.2 

S-9 

103+30 

10 

30.0 

•  x2 

0.21 

101.9 

9.8 

100 

62 

38.9 

S-10 

103+30 

20 

30.0 

0.10 

0.18 

99-1' 

20.0 

99 

57 

37.5 

Average 

101.8 

99 

55 

38.3 

Corrected  Average* 

107.2 

10b 

86 

bl.O 

Monolith  12,  North  Side  of  Lock 

N-l 

97+06 

6 

-9.8 

0.15 

0.26 

103.8 

.. 

100 

66 

38.3 

11-2 

97+05 

36 

-9.5 

— 

— 

102.9 

— 

— 

— 

— 

N-3 

97+00 

10 

0.0 

0.12 

0.22 

102.6 

21.3 

100 

6b 

38.1 

K-lt 

97+00 

20 

0.0 

0.13 

0.25 

109.0 

lb. 2 

109 

96 

b2.5 

N-9 

97+00 

10 

10.0 

0.18 

0.30 

103.2 

2b  .3 

100 

59 

37.7 

N-6 

97+00 

20 

10.0 

0.37 

0.28 

108.5 

b.6 

105 

91 

bl.6 

N-7 

97+00 

10 

20.3 

0.1b 

0.27 

99-2 

5.6 

96 

36 

36.3 

N-7A 

97+00 

15 

20.3 

— 

— 

100.8 

6.3 

— 

-- 

— 

N-7B 

96+80 

10 

20  ..5 

— 

— 

103.1 

5.0 

— 

— 

— 

N-8 

97+00 

20 

20.3 

0.12 

0.23 

97. b 

5.0 

95 

30 

36.0 

N-8A 

96+80 

15 

20.5 

— 

-- 

102.6 

7.7 

-- 

— 

— 

N-8B 

96+80 

20 

20.5 

— 

— 

10b.  5 

5.7 

— 

— 

— 

N-9 

97+17 

10 

31.1 

0.15 

0.25 

103.2 

17.6 

100 

63 

38.0 

N-10 

97+17 

20 

31.1 

O.ll* 

0.26 

10b  .6 

20.b 

101 

71 

38.7 

Average 

103.2 

100 

6b 

33.6 

Corrected  Average  * 

108.6 

105 

93 

b2.c 

(Continued) 


Note:  In-place  density  determinations  were  made  with  3-in.  drive  sampler.  Per.,  it  compac¬ 
tion  based  on  standard  Proctor  maximum  density  estimated  from  curve  shown  in  fig.  Bll. 
*  Average  values  of  density  were  corrected  to  correspond  to  values  of  density  deter¬ 
mined  with  Volumeasure. 

m/ 


Table  S6  (Concluded) 


In  Place  . ,  Esti- 


Distance 

Eleva- 

ho 

D5°  y. 

Water 

Con- 

Percent 

Relative 

mated 

Shear 

Sample 

from 

tion 

Size 

Size  'd 

tent 

Com- 

Density 

Strength 

No.. 

Station  Wall,  ft 

ft  msl 

trnn 

mm  lb/cu  ft 

i-i- 

oaction 

_ i _ 

Mohollth  12.  South  Side  of  lock 


S-l 

97+05 

10 

-10.0 

0.12 

0.22 

105.9 

103 

83 

40.3 

S-2 

97+05 

20 

-10.0 

0.l6 

0.26 

iib.6 

mm 

107 

104 

43.7 

S-3 

97+00 

10 

biO 

o.ii* 

0*25 

106.6 

18.8 

103 

83 

40*3 

S-4 

97*00 

20 

0*0 

0.13 

0.21* 

109.7 

16.0 

107 

101 

•13*5 

S-5 

97+00 

10 

io.o 

0.16 

0.29 

108.5 

19.6 

105 

91 

41.7 

S-6 

97+00 

20 

10*0 

0.15 

0.26 

105*9 

18*3 

102 

78 

39-5 

S-7 

97+15 

10 

20.5 

o.i5 

0.27 

101.8 

7.7 

98 

52 

37.2 

S-7A 

97+15 

15 

20.5 

— 

mm 

101.6 

5.3 

mm 

— 

mm 

S-& 

97+15 

20 

20.5 

0.16 

0.28 

loi.i 

5.0- 

98 

47 

36.8 

S-9 

97+15 

10 

30.0 

O.ll* 

0.25 

103*5 

16*2 

100 

65 

38.2 

S-9A 

97+15 

15 

30.0 

— 

mm 

103.2 

16.5 

-- 

— 

mm 

S-10 

97+15 

20 

30.0 

0.13 

0.25 

99.2 

17*1 

96 

39 

36.4 

Average 

ioi*.8 

102 

74 

39.8 

Corrected 

Average* 

110.2 

107 

102 

43.7 

Monolith  22 

.  North  Side  of  I<ock 

N-l 

90*67 

15 

-8.1* 

0.16 

0.29 

106.2 

102 

77 

39.5 

N-2 

90*67 

30 

-8.1* 

0.17 

0.28 

110.1 

•  m 

106 

100 

43.2 

N-3* 

90*85 

10 

0.0 

0.10 

0.18 

103.8 

18.5 

104 

82 

4o.l 

N-l* 

90*85 

20 

0.0 

0.12 

0.21* 

95.9 

20.4 

94 

18 

35.6 

N-5 

90*85 

10 

10.0 

0.13 

0.21* 

101.9 

18.7 

99 

57 

37.5 

N-6 

90*85 

20 

10.0 

0.16 

0.28 

110.1 

16.6 

106 

100 

43.2 

N-7 

90*85 

10 

20.0 

0.11 

0.18 

102.7 

15.3 

103 

7o 

37.3 

11-8 

90*85 

20 

20.0 

0.12 

0.21 

101.6 

9.9 

100 

61 

37.8 

N-9 

90*85 

10 

30.1* 

0.15 

0.21* 

103.2 

16.0 

100 

64 

38.1 

N-10 

90*85 

20 

30.1* 

O.ll* 

0.21* 

102.8 

15.7 

100 

63 

38.0 

Average 

103.8 

101 

70 

39.0 

Corrected  Average* 

109.2 

106 

94 

42.2 

Monolith  22 

.  South 

Side  of  Lock 

S-l 

90*77 

10 

-10.0 

0.16 

0.30 

105.2 

•  • 

101 

71 

38.7 

S-2 

90*65 

20 

-10.0 

•• 

mm 

107.5 

-** 

— 

mm 

•• 

S-3 

90*85 

10 

0.0 

0.16 

0.27 

100.6 

17.3 

97 

45 

36.7 

S-l* 

90*85 

20 

0.0 

0.16 

0.26 

102.9 

l'*,l 

100 

Co 

37.7 

S-5 

90*85 

10 

10.0 

0.15 

0.24 

102.6 

•  • 

100 

61 

37.8 

S-6 

90*85 

20 

10.0 

0.15 

0.23 

102.1* 

m  m 

100 

62 

37.9 

S-7 

90*85 

10 

21.0 

0.12 

0.26 

100.1 

19.1 

97 

43 

36.7 

S-8 

90*85 

20 

21.0 

0.12 

0.26 

100.1 

18.0 

97 

43 

36.7 

S-9 

90*85 

10 

31.0 

0.13 

0.23 

99.9 

17.4 

97 

46 

36.8 

S-9A 

90*85 

15 

31.0 

mm 

— 

100.3 

17.0 

— 

— 

— 

S-10 

90*85 

20 

31.0 

O.ll* 

0.2l* 

102.1* 

18.0 

100 

60 

37.7 

Average 

102.2 

99 

55 

37.4 

Corrected  Average* 

107.'* 

104 

87 

41.0 

*  Average  values  of  density  were  corrected  to  correspond  to  values  of  density  determined 
with  Volumeasure . 

43* 


Table  B7 

Density  Determinations  Made  with  Drive  Cylinder  and  Voluneasure 


Distance  from 

-  _  -V 

Density*  lb/cu  ft  '  -  .. 

Date 

Station 

Center  Line 
ft 

Elevation 
ft  mil 

■  Drive 

Voltneasure  Cylinder 

Difference 

13  Nov  6i 

91+60 

70  N 

+37.0 

105.8 

102.7 

3.1 

13  Nov  6l 

91+65 

70  N 

+37.0 

166.6 

101.1 

5.5 

14  Nov  61 

92+20 

54  S 

+39.5 

105.4 

100.0 

5.4 

14  Nov  6l 

92+80 

52  S 

+39.5 

108.7 

102.8 

5.9 

lit  Nov  61 

93+40 

44  S 

+39.5 

103:8 

98.5 

5.3 

lit  Nov  61 

94+66 

44  S 

+39.5 

101:4 

98.1 

3.3 

27  Nov  61 

95+80 

55  8 

+42.0 

165.8 

102.5 

3.3 

27  Nov  61 

98+20 

100  S 

+41.6 

107.8 

ioi.7 

6.1 

19  Dec  6l 

97+60 

64  S 

+47.0 

107.8 

99.6 

8.2 

19  Dec  6l 

97+60 

75  S 

+47.0 

106.4 

101.9 

4.5 

19  Dec  6l 

93+11 

6  5  s 

+47.0 

i06.6 

99.2 

7.4 

21  Dec  6l 

97+30 

51  N 

+50:0 

103.5 

98.1 

5.4 

21  Dec  6l 

97+90 

50  N 

+50:0 

104.4 

100.4 

4.0 

21  Dec  6l 

97+60 

76  N 

+50.0 

10i.7 

97.8 

3.9 

22  Dec  6l 

101+50 

50  N 

+50.0 

107*0 

103.0 

4.0 

22  Dec  6l 

101+50 

6b  N 

+50.0 

105.3 

101.6 

3.7 

22  Dee  61 

101+50 

70  N 

+50.0 

107.3 

101.7 

5.6 

c.j  Dec  6l 

92+02 

56  S 

+47.0 

96.6 

91.6 

5.0 

29  Dec  6l 

93+10 

70  S 

+48.0 

106.8 

97.2 

9.6 

29  Dec  6l 

93+10 

89  S 

+48.0 

107.6 

98.5 

9.1 

3  Jan  62 

90+85 

70  N 

+43.0 

106.0 

96.3 

9-7 

3  Jan  62 

.  90+85 

58  N 

+44.0 

96.7 

93.6 

3.1 

3  Jan  62 

91+05 

60  N 

+44.0 

97.9 

92.8 

5.1 

Average 

104.6 

99.2 

5.4 

Table  B8 

Compaction  and  Penalty  Test  Data 


Sample 

No. 

Backfill 

Source 

D50 

Tested  by  and  Size 
Date  of  Report  mm 

Maximum  7^ 
lb/cu  ft 

Minimum  7. 

Q 

lb/cu  ft 

Standard  Proctor 
Compaction  Data 

Maximum  7.  DR  *  *  at 
lb/cu  ft  MaxlmUB  7d 

1* 

Stockpile 

WES  (16  Jun  6l] 

0.25 

111.8 

91.8 

105.0 

70 

2 

Stockpile 

"OD  (17  Aug  6l] 

0.30 

108.7 

95.8 

101.0 

44 

3 

Stockpile 

HOD  (17  Aug  6i; 

0.26 

109.1 

91.1 

104.3 

77 

it 

Stockpile 

ro  (l7  Aug  6i; 

0.20 

106.0 

85.5 

102.4 

85 

5 

Stockpile 

NOl*  1 17  Au s  61] 

0.30 

108.9 

94.6 

102.6 

59 

6 

Sandbar 

NOD  (7  Sep  61] 

0.21 

107.3 

94.7 

-- 

-- 

7 

Sandbar 

NOD  (7  Sep  61 ] 

0.27 

109.2 

9 6.6 

— 

•• 

8 

Sandbar 

WES 

0.21 

109.8 

91.2 

103.2 

68 

9 

Sandbar 

WES 

0.26 

110.3 

92.7 

102.2 

58 

*  Original  control  sample. 
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